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INTRODUCTION 
Maternal effects are an important consideration in 
evaluating beef cattle performance. Extensive studies have 
been conducted to quantify maternal effects for a variety of 
traits, particularly those measured during the preweaning 
growth period. In genetic evaluations much emphasis is 
placed on sire selection, although some beef producers 
contend that cow families are important to their herds in 
addition to the use of top performing sires. 
Concern for the impact of cow line effects on 
productivity has renewed interest in exploring the influences 
of maternal effects in cattle. Research involving 
extranuclear inheritance of the cytoplasm through maternal 
lines has encouraged animal breeders to closely investigate 
the contribution of the dam to offspring performance. 
Initial reports of cytoplasmic variance in cattle were 
associated with milk production in dairy cattle (Bell et al., 
1985; Huizinga et al., 1986; Schutz and Freeman, 1988). 
Study of cytoplasmic effects in beef cattle has been limited 
(Tess et al., 1987; Northcutt et al., 1989). Examination of 
cytoplasmic effects is complex in beef cattle because of the 
confounding of such effects with the maternal contributions 
of the dam which are known to exist. 
The impact of cytoplasmic variation on estimates of 
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genetic parameters for maternally influenced traits in beef 
cattle has been limited. Reliable variance component 
estimates are of particular importance in genetic 
evaluations, so the existence of cytoplasmic effects in beef 
cattle must be determined. 
The purpose of this study is to evaluate cytoplasmic and 
nuclear inheritance for preweaning growth traits in three 
synthetic lines of beef cattle differing in mature size. 
This purpose is addressed in three related objectives. The 
first objective is to examine the importance of cytoplasmic 
lineage effects and to estimate variance components for 
preweaning traits using a least squares model. To examine 
nuclear inheritance for the size lines, the second objective 
is to estimate variance components and heritabilities using 
an animal model, and then to compare these estimates to those 
from a second analysis which includes random cytoplasmic 
effects. The last objective of the study uses variance 
component estimates from the previous section to conduct a 
genetic evaluation of each synthetic line to determine if 
genetic change for weight and height occurred during the 
development of the lines. 
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REVIEW OF LITERATURE 
In beef cattle, the dam makes at least two contributions 
to the offspring phenotypic value. These are the sample half 
of her genes contributed directly to the offspring and the 
maternal effect she provides for her calf. One of the 
problems in estimating maternal effects is that the nuclear 
contribution of the dam to the direct growth of her calf is 
confounded with the maternal effect (Willham, 1980). 
Recent studies in molecular genetics have established 
the inheritance of cytoplasm through maternal lines. The 
transmission of mitochondria, which contain separate genetic 
material, complicates the study of the maternal contribution 
to the phenotypic merit of the offspring. The confounding 
problems associated with maternal effects need to be 
considered before the importance of cytoplasmic effects can 
be assessed. Thus, the influence of the cytoplasm must be 
separated from known nuclear and maternal effects in order to 
measure the impact of the cytoplasmic contribution on beef 
production. 
Investigation of cytoplasmic inheritance in beef cattle 
warrants a review of some of the foundation work addressing 
the study of maternal effects. Discussion of maternal 
effects is followed by reports in the literature pertaining 
to cytoplasmic effects in cattle. The existence of 
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cytoplasmic genetic effects has been reported in other 
species, but the focus of this review is directed towards 
evidence of such effects in cattle for economically important 
traits. Also, genetic models from the literature to estimate 
cytoplasmic variance and to address the problems of 
confounding are included. 
Maternal Effects 
A maternal effect is defined as any environmental 
influence that the dam contributes to the phenotype of her 
offspring. The contribution of the dam is environmental with 
respect to the offspring, while the phenotypic differences 
between dams for maternal performance are expressed in the 
phenotypes of their offspring. Although the sire contributes 
a sample half of his genes to his offspring, the dam 
contributes not only a sample half of her nuclear genome but 
also her maternal influence (Willham, 1963; 1972). 
Maternal influence in mammals is generally subdivided 
into two periods; prenatal and postnatal. Prenatal effects 
are uterine influences resulting in part from the genotype of 
the dam and the environmental influences on the dam which 
affect the developing fetus. The postnatal period following 
parturition includes maternal influences associated with milk 
production and maternal instinct of the dam (Legates, 1972). 
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Of the two periods, the postnatal nutritional environment (or 
milk production of the dam) has received much attention in 
studies (Neville, 1962; Jeffery et al., 1971; Rutledge et 
al., 1971). 
Early studies of maternal effects concentrated on the 
composition of the covariance between relatives (Dickerson, 
1947; Kempthorne, 1955; Koch and Clark, 1955). Willham 
(1963, 1972) developed the biometrical aspects of maternal 
effects in terms of linear genetic models. In addition, 
Willham (1972) suggested the possible importance of the 
contribution of all maternal dams in the pedigree to the 
phenotype of the offspring, particularly by incorporating a 
grand maternal effect into the linear genetic model. Later, 
the basic problems with estimating maternal effects, as well 
as suggestions relative to the study of those problems, were 
addressed by Willham (1980). 
Maternal effects and their impact on selection response 
have received attention (Falconer, 1964; Robison, 1981). Van 
Vleck (1971) developed a selection index incorporating direct 
and maternal genetic components. 
In summarizing results on the role of maternal effects 
in animal breeding, Cundiff (1972) stated that maternal 
effects were important during the nursing period with 
diminishing effects postweaning. Other reports concurred 
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that maternal influence carried over into the postweaning 
period (Mavrogenis et al., 1978; Rutledge et al., 1972). 
Parameter estimates for maternally influenced traits in 
beef cattle have been reviewed extensively as part of many 
studies (Koch, 1972; Woldehawariat et al., 1977; Bertrand, 
1983; Skaar, 1985). In particular, estimates summarized by 
Woldehawariat et al. (1977) have been used as a basis for 
comparison in reports throughout the literature. 
Cytoplasmic Inheritance 
Recent studies in molecular genetics indicate that 
cytoplasm and extranuclear organelles are maternally 
inherited in mammals (Hutchinson et al., 1974; Giles et al., 
1980; Laipis et al., 1982; Lansman et al., 1983; Gyllensten 
et al., 1985). Thus, the dam makes a cytoplasmic and nuclear 
genetic contribution to her offspring. These developments in 
molecular genetics have increased interest in effects of 
cytoplasmic inheritance on the phenotype of an individual. 
The principal non-nuclear interest to geneticists is 
mitochondria, located in the cytoplasm. Mitochondria, which 
contain a separate deoxyribonucleic acid (DNA) genome, are 
cytoplasmic organelles referred to as the "energy centers" of 
the cell and are the centers of cellular respiration. 
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In a discussion on mitochondria and animal inheritance, 
Wagner (1972) suggested that mitochondria were excellent 
organelles for demonstrating cytoplasmic inheritance in 
animals. The importance of mitochondria in cell metabolism 
and their interactions with the nucleus in metabolism were 
given as reasons for further study of cytoplasmic effects in 
order to improve the understanding of the functions of animal 
cells. 
In a report on maternal effects in swine, Robison (1972) 
indicated that maternal influences may not be due to 
"environment" alone. Other factors, such as cytoplasmic 
inheritance, may be a contributing factor to maternal 
effects. 
Bell (1983) redefined the maternal influence of the dam 
to include cytoplasmic effects. A maternal effect was stated 
as any effect, other than the contribution of nuclear genes, 
that the dam had on the phenotype of her offspring. An in-
depth review of literature was included documenting maternal 
inheritance of mitochondria and existence of mitochondrial 
variation in higher animals. 
Mitochondrial DNA studies 
Polymorphisms can be detected in mitochondrial DNA 
sequence by use of restriction enzymes to cut DNA at specific 
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nucleotide sequences, or restriction sites. Polymorphisms in 
restriction fragments are referred to as restriction fragment 
length polymorphisms (RFLP). These RFLPs are useful as 
genetic markers for mapping the genome (Hartl, 1988). 
Utilization of RFLP analysis for identification of 
polymorphism in bovine mitochondrial DNA has been reported 
(Hauswirth and Laipis, 1982; Laipis et al., 1982). Laipis et 
al. (1982) noted heterogeneity of mitochondrial DNA sequences 
among maternal lines of cattle. Hauswirth and Laipis (1982) 
detected heterogeneity of mitochondrial DNA sequences among 
descendants within a maternal lineage. Heterogeneity existed 
even within an individual (Hauswirth et al., 1984). 
Metabolic studies have provided information on how 
variation in mitochondrial genes affect cellular energy 
metabolism. Brown et al. (1988) studied variation of 
mitochondrial metabolism in two cow groups. The first group 
consisted of 10 lactating Holstein cows representing 
phenotypic extremes for milk yield. The second group, 
composed of 13 Angus, 13 Brangus and 13 Hereford cows, 
represented extremes within breed for growth breeding value 
ratios. Beef cows sharing a common cytoplasm were expected 
to have similar patterns of correlations among mitochondrial 
characteristics and growth. No trend for correlations of 
weaning or yearling growth with mitochondrial ATP synthesis 
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efficiency or rate was detected in beef cows, their 
collateral relatives or offspring. Many of these estimated 
correlations were negative, suggesting that females with 
heavier weights tended to have poorer mitochondrial 
efficiency. Initial results indicated that variability in 
the mitochondrial respiratory functions measured had less 
relationship to weaning and yearling growth in beef cattle 
than to milk yield in Holstein cattle. However, the limited 
range of phenotypic variation in traits within the beef 
cattle breeds suggested a possible restricting factor in 
detecting correlations of beef cattle performance with 
mitochondrial function. The study provided direct evidence 
of variation in bovine mitochondria metabolism and related 
that information to production traits in beef and dairy in 
order to better describe cytoplasmic effects on productivity. 
Embryological studies are potential avenues for 
investigating the existence of cytoplasmic effects. This 
approach requires micromanipulation of embryonic cells as 
well as embryo transfer techniques to ultimately measure 
phenotypic values on individuals of interest. Riska et 
al. (1985) suggested the use of embryo transfer to 
crossfoster early in prenatal life. The approach would avoid 
the confounding of cytoplasmic and prenatal effects. 
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In an experiment using eight full-sib pairs of Angus-Red 
Poll reciprocal cross calves, Klindt and Maurer (1986) 
examined effects of ovum cytoplasm and prenatal maternal 
environment on the secretion of growth hormone and prolactin 
and the growth of the individual calves. Embryo transfer was 
utilized to eliminate confounding of ovum cytoplasm and 
prenatal maternal environmental effects. Significant 
reciprocal cross effects were detected (P<.05) for basal 
prolactin concentration, suggesting that Red Poll cows may 
have transmitted extranuclear genetic material to their 
offspring positive for basal prolactin secretion. However, 
reciprocal cross differences were nonsignificant for birth 
weight, 150-d weight and average daily gain. 
Kirkpatrick and Dentine (1988) suggested designed 
experiments involving transfer of identical nuclear genomes 
into embryonic cells with different cytoplasmic material to 
compare cytoplasmic diversity. Kirkpatrick and Dentine 
(1988) projected the necessity of designed experiments in 
order to answer the question of cytoplasmic effects on 
production traits. 
Evidence of cytoplasmic variation in dairy cattle 
Initial reports of cytoplasmic inheritance in cattle 
were based upon studies with dairy cattle. Most research 
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examining cytoplasmic inheritance as characterized by 
maternal lines was conducted on traits associated with milk 
production. Bell et al. (1985) traced 4461 cows to 
cytoplasmic origin, identifying 102 cytoplasmic lines in 
which most cows were greater than or equal to 10 generations 
from the origin. After adjustment for sire, herd, calving 
year, calving month and age, cytoplasmic effects accounted 
for 2.0, 1.8, 1.8 and 3.5 percent of the total variation of 
milk yield, milk fat yield, 3.7 percent fat corrected milk 
yield and milk fat percentage in first lactation records. 
In a similar analysis, Huizinga et al. (1986) reported 
cytoplasmic origin was a significant source of variation 
(P<.01) in kg fat plus protein and milk returns. Cow records 
were adjusted for district of origin of the cytoplasmic 
source, breed of sire, calving year and season, age at 
calving and breeding values of sires and maternal grandsires. 
Cytoplasmic origin accounted for a maximal 10 and 13 percent 
of the phenotypic variation in the two traits, respectively, 
implicating the importance of cytoplasmic inheritance. 
Studies by Bell et al. (1985) and Huizinga et al. (1986) 
were criticized (Kennedy, 1986) because the models used to 
evaluate cytoplasmic effects did not account for all genetic 
relationships. Through computer simulation of milk 
production data similar to records analyzed by Bell et al. 
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(1985), Kennedy (1986) concluded that the results from the 
earlier study could have resulted from an additive genetic 
model under Mendelian inheritance with no cytoplasmic 
effects. Use of an animal model was suggested as a method to 
separate cytoplasmic effects, if they were known to exist. 
Another approach to investigate the existence of 
cytoplasmic inheritance compared heritability estimates that 
were calculated from daughter-dam and daughter-granddam 
regressions (Reed and Van Vleck, 1987). Heritability 
estimates from daughter-dam and daughter-granddam regression 
for milk yield and milk fat yield were not statistically 
different; therefore, maternal cytoplasmic inheritance was 
considered to have no important effect on milk production 
traits. 
In contrast, Schutz and Freeman (1988) reported evidence 
of cytoplasmic inheritance in first parity records of 664 
cows in a dairy herd selected for high and average milk 
yield. Assignment of cows to cytoplasmic lineages resulted 
in 53 lines of at least two members which averaged 19 
generations from the cytoplasmic origin. Differences among 
cytoplasmic lines given as a percentage of the residual 
variance were 2.8 (P<.02), 5.8 (P<.002) and 8.4 (P<.ooi) 
percent for ME milk, ME fat and percent milk fat, 
respectively. Results were interpreted as evidence of 
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cytoplasmic effects in this herd. 
As a result of the cytoplasmic line variation reported 
by Schutz and Freeman (1988), Brown et al. (1989) screened 29 
of these lines for molecular cytoplasmic genetic variation by 
restriction endonuclease DNA analysis. Twelve of the 29 
lineages had different restriction fragment length 
polymorphism patterns than the most common mitochondrial DNA 
form. Results of this study confirmed that cytoplasmic 
genetic variation existed in the lines that were shown to 
express cytoplasmic effects for production traits in the 
quantitative genetic analysis (Schutz and Freeman, 1988). 
Evidence of cytoplasmic variation in beef cattle 
Few studies of have been conducted to investigate the 
existence of cytoplasmic effects in beef cattle performance. 
Tess et al. (1987) examined cytoplasmic genetic effects in a 
least squares analysis using records collected on Hereford 
lines at two locations. Records available on 1189 calves in 
herd(l) and 1599 calves in herd(2) represented 27 and 15 
cytoplasmic lines, respectively. Data from each herd were 
analyzed separately for evidence of cytoplasmic line effects 
using three models. The first model included sires within 
year-selection line and cytoplasmic lines as random effects. 
Cytoplasmic effects were highly significant (P<.01) for birth 
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weight, average daily gain and 205-d weight at both herds. 
Cytoplasmic line accounted for 2, 5 and 5 percent of the 
total random variance in herd(l) for birth weight, average 
daily gain and 205-d weight, respectively. Corresponding 
values for herd(2) were 1, 2 and 2 percent of the total 
random variance. 
The second model included maternal grandsire as a random 
effect in addition to sires and cytoplasmic lines. Results 
for cytoplasmic line effects were similar to those given 
previously with the exception that cytoplasmic variance in 
herd(2) was reduced. 
The third analysis evaluated milk yield in a model which 
included cytoplasmic line and cows within cytoplasmic line as 
random effects. Cytoplasmic effects for milk yield were 
significant in herd(l) (P<.01) but were only marginal in the 
second herd (P<.10). Differences among cytoplasmic lines 
accounted for 4.0 and 1.0 percent of the total random 
variance for milk yield in herd(l) and herd(2), respectively. 
Tess et al. (1987) concluded cytoplasmic genetic effects 
appeared to exist in beef cattle for preweaning traits. 
However, the authors agreed an animal model was more 
appropriate in order to account for all possible additive 
genetic covariances among observations, as suggested by 
Kennedy (1986). 
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Northcutt et al. (1989) evaluated records on 1073 small 
891 medium and 825 large frame calves for evidence of 
cytoplasmic effects. Calf records represented 69, 68 and 59 
cytoplasmic lineages for the small, medium and large size 
lines, respectively. Data were analyzed separately by frame 
size with a model including random effects of sire, 
cytoplasmic lineage and cows within lineage. Cytoplasmic 
effects were significant for birth weight in the small 
(P<.05), medium (P<.01) and large (P<.01) size lines 
accounting for 5.4, 8.9 and 6.8 percent of the total random 
variation, respectively. In all size lines, cytoplasmic 
effects were nonsignificant for weaning weight and total 
preweaning gain. For total postweaning gain, cytoplasmic 
lineage effects were significant in the small line (P<.05) 
only. Results contrasted those reported by Tess et al. 
(1987) for preweaning performance. Tess et al. (1987) 
detected significant cytoplasmic effects for birth weight, 
average daily gain and 205-d weight in two herds. Although 
these cytoplasmic effects were significant, maternal line 
differences accounted for a smaller proportion of the total 
random variance (1% to 5%) than the study by Northcutt et al 
(1989). 
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Genetic models 
Development of genetic models to include cytoplasmic 
inheritance is difficult for maternally influenced traits. 
The confounding of the maternal effects with the nuclear 
contribution of the dam to the direct effect must be 
considered. The phenotype measured on the offspring is 
influenced by not only the sample half of the genes received 
from the dam and the maternal effect, but also the 
cytoplasmic effect. The cytoplasmic contribution could be 
further subdivided into a direct effect from the calf 
cytoplasm and a maternal cytoplasmic effect from the 
environment provided by the dam. Genetic models in the 
literature addressed different levels of complexity relative 
to cytoplasmic effects. 
In a discussion of maternal genetic variances and 
direct-maternal covariances, Eisen (1967) suggested 
cytoplasmic inheritance as a potential contributor to the 
covariance between descendants of a maternal line; however, a 
cytoplasmic variance component was not included. Rothschild 
and Ollivier (1987) reported expectations of causal 
components of variance of Eisen (1967) modified to include 
variation due to mitochondrial differences. A method to 
estimate variation due to mitochondrial inheritance using 
covariances between relatives was presented based on a 
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crossfostering design of Riska et al. (1985). Consequences 
of including a mitochondrial component were addressed along 
with potential limitations of designs, such as ignoring 
covariances among nuclear and mitochondrial effects. 
Beavis et al. (1987) presented a quantitative genetic 
model for traits influenced by cytoplasmic genes with 
particular interest in plant breeding application. In 
addition, the variance and covariance components were 
developed. The genetic model included nuclear-cytoplasmic 
interaction effects. From a biological perspective, authors 
considered it impossible to separate cytoplasmic genetic 
effects from additive nuclear by cytoplasmic interaction 
effects. This was based on the fact that both are inherited 
as a "unit". Also, enzymes involved in cellular metabolism 
exist that encode in the nucleus and the cytoplasm. 
Wilson et al. (1988) developed a mixed model to estimate 
the relative magnitude of cytoplasmic genetic effects on 
direct growth and maternal effects for weaning weight in beef 
cattle. In an animal model, the additive genetic merit for 
direct growth (u^) and the maternal effects ( u(dam)^), or 
environmental influence of the dam on the calf, were each 
partitioned into two components. One component included 
cytoplasmic genetic effects (u^^^ , u^^^), while the other 
component did not (u^ , u^). In order to evaluate direct and 
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maternal cytoplasmic effects, the differences (u^+c ^d^ 
(^+c ~ were examined. Interpretation of results as a 
difference was difficult due to unequal amounts of 
information for effects. 
Gibson et al. (1988) proposed an animal model at the 
gametic level for estimation of autosomally inherited genetic 
effects expressed only when received from either the male or 
female parent. The model was developed to investigate the 
implications of differential gene expression. The model 
included additive genetic effects expressed regardless of 
maternal (or paternal) contribution and additional genetic 
effects expressed only when derived from the maternal (or 
paternal) gamete. Along with the additive genetic variance-
covariance matrix (Aa^), another variance-covariance matrix 
of additional gametic contributions was included (GCg). An 
incidence matrix (W) was included as well to connect 
observations to maternally or paternally contributed gametic 
values. 
Van Vleck (1988) discussed covariances among related 
individuals which included a cytoplasmic effect originating 
in a female line and its interaction with the additive 
genetic value for direct effects. Heritabilities (additive 
direct) were expected to be overestimated from covariances 
among relatives with the same cytoplasm if cytoplasmic 
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genetic effects existed and if those effects were ignored 
(Van Vleck, 1988). 
The potential of cytoplasmic effects for selection in 
cattle was reported by O'Neill and Van Vleck (1988). Effects 
of maternal cytoplasmic inheritance and heritability 
estimation on expected genetic gain were examined. 
Cytoplasmic effects were expected to have little effect on 
genetic gain, particularly since selection intensity for dams 
was expected to be low. 
In response to the report of nonsignificant cytoplasmic 
effects, Kirkpatrick and Dentine (1988) proposed a genetic 
model including additive genotype, cytoplasmic genotype, and 
their interaction, in order to reexamine results of Reed and 
Van Vleck (1987). A path diagram was presented to include 
the influence of cytoplasmic genotype, additive genotype, and 
the interaction of cytoplasmic and additive genes on the 
phenotype of an individual. Hypothetical results illustrated 
that equivalent estimates of heritability from daughter-dam 
and granddaughter-granddam regressions that exceeded 
heritability estimates from paternal half-sib correlations 
were consistent with the presence of cytoplasmic inheritance. 
Use of appropriate combinations of hypothetical maternal and 
cytoplasmic effects resulted in similar estimates of 
heritability from daughter-dam and granddaughter-granddam 
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regression. The estimates exceeded those from paternal half-
sib correlation. Authors concluded that the results of Reed 
and Van Vleck (1987) were not conclusive evidence supporting 
or rejecting the existence of cytoplasmic effects on milk 
production traits. 
The suggestion to use an animal model for evaluation of 
cytoplasmic genetic effects in cattle (Kennedy, 1986) 
encouraged the development of more appropriate models. In 
answer to this suggestion, Southwood et al. (1989) included 
cytoplasmic line effects in an animal model to simultaneously 
estimate additive direct genetic, additive maternal genetic, 
cytoplasmic and error variances. A derivative-free 
restricted maximum likelihood procedure (DFREML) (Meyer, 
1988;1989) was used in analysis of data simulated under three 
animal models; additive maternal genetic model, cytoplasmic 
model, additive maternal genetic and cytoplasmic model. 
Variance components were estimated using correct and 
incorrect genetic models. Results indicated that when the 
variances were estimated under a correct model for the 
dataset, estimates agreed with the true values. However, 
when data were analyzed by an incorrect model, additive 
direct genetic variance was inflated (P<.01). Authors 
concluded that the use of an animal model can correctly 
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partition variation due to additive direct, additive maternal 
genetic and cytoplasmic effects when the correct model is 
utilized. 
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SECTION I. DATA DESCRIPTION AND ESTIMATION OF CYTOPLASMIC 
VARIANCE COMPONENTS USING LEAST SQUARES MODEL 
Abstract 
Birth weight (BW), 205-d weaning weight (WW) and total 
preweaning gain (GAIN) data were evaluated for evidence of 
cytoplasmic genetic effects in calves from three synthetic 
lines of beef cattle differing in mature size. Bulls of 
Jersey, Angus and Sinunental breed combinations were used to 
generate small (S), medium (M) and large (L) size lines 
represented in each of two research herds (Rhodes and McNay). 
Analyses involved records collected on 2543 calves at Rhodes 
and 1281 calves at McNay from 1978 to 1987. Pedigree 
information tracing back to the initiation of the project was 
used to assign calves to cytoplasmic lineages. Numbers of 
cytoplasmic lineages represented by size group were 69 (S), 
67 (M) and 56 (L) at Rhodes and 61 (S), 47 (M) and 19 (L) at 
McNay. Data were analyzed separately by herd and size line 
using two mathematical models. Model I included fixed 
effects of calf birth year, sex of calf and age of dam along 
with the random effects of sires, cytoplasmic lineages and 
residual error. Model II differed only by the inclusion of 
random cows within cytoplasmic lineage effects. For Model I, 
effects of cytoplasmic lineage were significant (P<.01) for 
all traits and size lines at Rhodes. At McNay cytoplasmic 
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lineage effects were important for BW in the S and M lines 
(P<.01) and for WW and GAIN in the S (P<.01) and L (P<.01) 
lines. Including cows within lineage effects (Model II) 
reduced the importance of cytoplasmic variation at both 
locations. Across herds and size lines, the variance of 
cytoplasmic lineage for WW, expressed as a percentage of the 
total random variance, ranged from 1.4 to 14.3 percent (Model 
I) and 2.6 to 10.9 percent (Model II). 
Introduction 
Maternal effects are an important consideration in 
evaluating beef cattle performance, with particular interest 
in the postnatal environment a dam provides for her 
developing offspring. Although much emphasis is placed on 
sire selection in genetic evaluations, some producers contend 
that cow families are important to their herds in addition to 
the use of top performing sires. 
Recent studies of maternal cytoplasmic genetic effects 
have renewed interest in evaluating maternal effects in 
cattle. Research involving extranuclear inheritance has 
encouraged animal breeders to examine maternal effects in 
cattle more closely. Initial work has been conducted 
primarily with maternal lines of dairy cattle. Current 
studies have been applied to evaluating the importance of 
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cytoplasmic effects in beef cattle. 
Evidence of cytoplasmic genetic effects as characterized 
by maternal lines has been reported for traits associated 
with milk production in dairy cattle (Bell et al., 1985; 
Huizinga et al., 1986; Schutz and Freeman, 1988) and for 
preweaning growth traits in beef cattle (Tess et al., 1987). 
The purpose of this study was to evaluate the importance 
of cytoplasmic genetic effects and to estimate variance 
components for preweaning traits in three synthetic lines of 
beef cattle differing in mature size. 
Materials and Methods 
Data description 
The Iowa State Beef Breeding Project was initiated in 
1977 to develop three synthetic lines of beef cattle 
differing in general frame size. Lines were developed for 
use as a research resource in studies where size by 
management interactions may be important. All three 
synthetic lines were represented at each of two research 
herds so that lines were evaluated in two different 
management systems. 
The Rhodes herd in central Iowa produced spring calves 
that were weaned at around 200 days of age. In contrast, the 
McNay herd, located in southern Iowa, followed a fall-calving 
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program where calves were weaned at approximately 45 days of 
age. Calf records collected from the breeding project 
represented the calf birth years 1978 through 1987 for Rhodes 
and 1978 through 1986 for McNay. 
Synthetic lines were designated as small, medium and 
large lines within each of the herds. Lines were developed 
so that initial size differences existed among lines in order 
to study frame size differences during the initial years of 
the project. Jersey, Angus and Simmental sire breeds were 
utilized in a breeding program so that each line contained at 
least 25 percent Angus. The small line was at least 25 
percent Jersey and the large line was at least 25 percent 
Simmental. All three sire breeds were represented in the 
medium line. The contribution of the sire breeds to each of 
the lines was as follows: 
Small; 25% Jersey, 25% Angus; 
Medium: 12.5% Jersey, 25% Angus, 12.5% Simmental; 
Large: 25% Angus, 25% Simmental. 
The remaining 50% was contributed by the foundation 
females used in the initiation of the lines. Foundation cows 
were assigned to the lines by weight and height within breed-
age combinations. Cows were assigned to lines so that the 
potential milk production level of each line was similar. 
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Based on the known dam breed compositions averaged across 
size lines, Rhodes cows were an average of 75% beef and 20% 
dairy breeding, and McNay females were 72% beef and 18% 
dairy. Mean breed composition of foundation cows by line and 
herd are presented in Table 1. 
Small synthetics were generated using small-framed 
Jersey and Angus bulls mated artificially to foundation 
females assigned to the line to produce first generation 
calves. Subsequent matings were among sires and dams of the 
same generation. Matings between third generation calves 
resulted in small synthetic calves. 
Formation of the large synthetic line was similar to the 
procedure used to generate the small line, except in this 
case large-framed Angus and Simmental sires were used. The 
medium synthetic line was initiated using large-framed 
Jersey, medium Angus and small Simmental sires. 
All crossbred bulls used in the development of each line 
were selected using a weaning growth index. Each of the 
indexes contained adjusted weights and hip heights as well as 
mean weights and heights computed for bull calves within 
season and line. Indexes were designed to increase height in 
the large line and decrease height in the small line while 
practicing positive selection for weight in both lines. The 
medium line index served as a control for general size. 
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Table 1. Mean breed composition of foundation females by 
herd and size line 
BREED^ ,% 
Herd Size J A S H F B C 0 
Rhodes 
Small 3 44 14 22 6 S 1 5 
Medium 1 35 22 17 11 8 0 6 
Large 0 28 20 22 14 13 0 3 
McNay 
Small 0 41 11 26 8 6 2 6 
Medium 0 36 11 24 9 6 4 10 
Large 0 29 8 22 10 14 1 16 
^J=Jersey, A=Angus, S=Simmental, H=Hereford, F=Friesian, 
B=Brown Swiss, C=Charolais, 0=0ther breeds not listed. 
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During the developmental stages of the lines, no selection 
was placed on the female side. 
Pedigree information tracing back to the initiation of 
the project was utilized to identify cytoplasmic lineages 
within each synthetic line. A cytoplasmic lineage was 
defined as all animals with a common cytoplasmic source. 
Foundation females were considered to be the cytoplasmic 
origins for the lineages. 
Data collected at the Rhodes and McNay herds were edited 
so that lineages with fewer than two cow descendants were 
excluded from analyses. To eliminate confounding between 
sires and lineages, sires had to have progeny in two or more 
cytoplasmic lineages with at least two sires represented 
within lineages. All descendants of a cytoplasmic lineage 
were within the same synthetic line. After edits, the 
numbers of cytoplasmic lineages within synthetic lines were 
69, 67 and 56 lineages for small, medium and large lines at 
Rhodes, respectively. Corresponding numbers of lineages for 
McNay were 61, 47 and 19. The largest cytoplasmic lineage 
contained 37, 28 and 28 calf descendants in the small, medium 
and large size groups, respectively, at Rhodes. At McNay, 
the largest lineage contained 23, 21 and 13 calf members for 
the respective size lines. Numbers of cow descendants within 
a cytoplasmic lineage ranged from 2 to 12 cow descendants at 
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Rhodes and 2 to 7 cow descendants at McNay. 
Numbers of observations included in the study for birth 
weight (BW), 205-d. weaning weight (WW) and total preweaning 
gain (GAIN) by herd and size line are presented in Table 2 
along with means and standard deviations for each trait. 
GAIN was computed as the deviation of BW from WW, and was 
included to associate cytoplasmic influences with different 
calf growth periods. Fewer observations were available in 
the large line at both locations primarily as a result of the 
lower reproductive rate in the large cattle, particularly at 
McNay (Buttram and Willham, 1989). 
Statistical analysis 
Data were analyzed separately by synthetic line for each 
location utilizing the General Linear Models procedure of 
SAS (1985). Two mathematical models were utilized to 
evaluate cytoplasmic lineage effects in each of the size 
lines. Model I was as follows: 
^ijklmn = M + yri + sxj + a% + s^ + c* + 
where: 
li = mean common to all observations, 
yrj^ = effect of the i^^ year, 
sXj = effect of the sex of calf, 
aj^ = effect of the age of dam, 
s^ = effect of the 1^^ sire. 
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Table 2. Number of observations, means and standard 
deviations for preweaning growth traits^ 
by herd and size line 
Mean, kg (Standard deviation) 
Herd Size N 
Rhodes 
Small 994 
Medium 811 
Large 738 
McNay 
Small 675 
Medium 456 
Large 150 
BW 
33.71 (4.47) 
38.14 (5.32) 
43.13 (6.10) 
29.96 (4.65) 
34.16 (5.72) 
39.55 (6.64) 
WW 
196.3 (27.0) 
218.2 (30.1) 
233.1 (31.7) 
183.1 (26.1) 
206.2 (28.5) 
227.6 (34.8) 
GAIN 
162.6 (25.2) 
180.1 (27.8) 
190.0 (29.4) 
153.2 (24.0) 
172.0 (25.9) 
188.1 (30.8) 
®BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain. 
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Cjjj = effect of the cytoplasmic lineage, and 
®iiklmn ~ random residual error effect with mean zero 
and variance a^. 
Model II was identical to Model I with the exception 
that the random effect of cows nested within cytoplasmic 
lineage was included. The mean square error associated with 
cows within lineage was used as the error term to test 
cytoplasmic line differences. 
No breed composition adjustment was made in any 
analysis. Expected mean squares were computed for random 
sire, cytoplasmic lineage and residual error effects in Model 
I, with cows within lineage included in Model II. Random 
effects were assumed to be normally and independently 
distributed with zero mean. Variance components were 
estimated using Henderson's Method III (Henderson, 1953). 
Results emd Discussion 
Model I 
Mean squares for Model I at Rhodes are presented in 
Table 3. Fixed effects were highly significant (P<.01) in 
all lines except for the effects of calf birth year for BW 
which were of less importance in the medium and large (P<.05) 
lines. Sire effects were significant (P<.01) only for small 
and medium lines. For all preweaning growth traits. 
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Table 3. Mean squares for preweaning growth traits' 
Rhodes by size line - Model I 
at 
Source df BW, kg 
Small line 
Year 9 89. 21 
Sex 1 1164. 62 
Age of dam 3 188. 29 
Sire 80 26. 14 
Cytoplasm 68 44. 15 
Residual 832 13. 09 
Medium line 
Year 9 29. 42 
Sex 1 1201. 54 
Age of dam 3 216. 72 
Sire 101 39. 90 
Cytoplasm 66 51. 53 
Residual 630 17. 48 
Larae line 
Year 9 64. 46 
Sex 1 1543. 91 
Age of dam 3 444. 27 
Sire 81 31. 69 
Cytoplasm 55 64. 06 
Residual 588 26. 82 
WW, kg" GAIN, kg" 
** 
** 
** 
** 
** 
** 
** 
** 
** 
* 
** 
** 
** 
5007.2 
73270.3 
14863.2 
855.0 
1092.3 
373.2 
** 
** 
** 
** 
** 
5545.0 
54115.1 
15168.3 
750.3 
1010.5 
453.1 
** 
** 
** 
** 
** 
4170.9 
53030.2 
15726.1 
764.3 
1239.4 
652.1 
** 
** 
** 
** 
5209.1 
55959.8 
11769.5 
736.4 
913.0 
328.4 
** 
** 
** 
** 
** 
5786.9 
39189.4 
11783.3 
635.3 
813.3 
385.9 
** 
** 
** 
** 
** 
4271.5 
36477.3 
10929.0 
688.7 
1106.5 
572.0 
** 
** 
** 
** 
®BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain. 
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cytoplasmic lineage effects were highly significant (P<.01) 
in the three synthetic lines. In a similar analysis, Tess et 
al. (1987) reported highly significant cytoplasmic effects in 
Hereford lines of cattle for WW (P<.01) and to a lesser 
extent for BW (P<.05). 
Expected mean squares and variance component estimates 
for Rhodes by size line are given in Table 4. Variance 
estimates for cytoplasmic effects were similar for the three 
synthetic lines. Cytoplasmic lineage effects accounted for 
an equal or larger portion of the total random variation than 
sire effects, particularly in the large line. Small sire 
estimates in the large line may have been the result of 
selected Simmental sires used in developing the breed 
composition of the line. Also, variance components for this 
study were generally larger than those reported for birth and 
205-d weight by Tess et al. (1987). Contrasting results 
between the two studies may also be due in part to 
differences in breed compositions of the cattle. 
The cytoplasmic component for BW was large, accounting 
for 10.6 to 14.3 percent of the total random variance. These 
values differ from reports of 1 to 2 percent of the variation 
in birth weight reported in Hereford cattle (Tess et al., 
1987). 
Table 4. Expected mean squares and variance component estimates 
for Rhodes by size line - Model I 
Variance component 
Expected mean 
Source square BW, kg WW, kg GAIN, kg 
Small line 
Sire 4 + 10.712 4 1.22 45.0 38.1 
o (7.31)* (9.50) (9.26) 
Cytoplasm 4 + 12.991 4 2.39 55.4 45.0 (14.31) (11.70) (10.94) 
Residual 4 13.09 373.2 328.4 
Medium line 
Sire + 6.687 3.35 44.5 37.3 
o o (13.87) (8.06) (8.02) 
Cytoplasm 4 + 10.251 4 3.32 54.4 41.7 
o (13.75) (9.86) (8.97) 
Residual 4 17.48 453.1 385.9 
Larae line 
Sire 4 + 7.747 .63 14.5 15.1 
•> o (.02) (2.02) (2.38) 
Cytoplasm 4 + 11.430 3.26 51.4 46.8 
n (10.62) (7.16) (7.38) 
Residual 4 26.82 652.1 572.0 
^ Percentage of total random variance. 
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Results for WW at Rhodes indicated that cytoplasmic 
variance accounted for an average 9.6% of the total random 
variation which was nearly twice the magnitude of reports 
from the Hereford study. Estimates for GAIN paralleled those 
for WW. Tess et al. (1987) reported that cytoplasmic lines 
accounted for 5 percent of the variance in average daily gain 
and 205-d weight at the Raleigh herd and 2 percent of the 
variation in the two traits at Plymouth. 
For the McNay herd, mean square and variance estimates 
(Tables 5 and 6) for the small line were similar to those 
given previously for Rhodes with highly significant 
cytoplasmic effects (P<.01) for all traits, accounting for an 
average of 9.8.% of the total random variance. In contrast, 
cytoplasmic lineages were important only for BW (P<.01) in 
the medium line and were significant (P<.05) for WW and GAIN 
in the large line. The estimate of cytoplasmic variance for 
GAIN was negative for medium synthetics. In general, the 
variance for cytoplasmic lineage accounted for a smaller 
percentage of the random variance at McNay than at Rhodes, 
although these percentages were still larger than many of the 
values reported in the previous beef cattle study (Tess et 
al., 1987). 
Differences in the importance of cytoplasmic lineage 
effects among the two herds may be due to the fewer number of 
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Table 5. Mean squares for preweaning growth traits^ at 
McNay by size line - Model I 
Source df BW, kg" WW, kg" GAIN, kg' 
Small line 
Year 8 
Sex 1 
Age of dam 3 
Sire 69 
Cytoplasm 60 
Residual 533 
81.36 
504.95 
226.03 
25.05 
31.04 
13.02 
** 
** 
** 
** 
** 
1436.8 
43146.4 
8856.0 
705.4 
913.5 
434.3 
** 
** 
** 
** 
** 
1438.8 
34316.0 
6279.4 
612.7 
756.9 
386.3 
.** 
** 
** 
** 
** 
Medimn line 
Year 8 
Sex 1 
Age of dam 3 
Sire 73 
Cytoplasm 46 
Residual 324 
61.88 
426.95 
304.91 
40.44 
41.61 
15.71 
** 
** 
** 
** 
** 
1520.9 
30807.2 
6999.1 
** 
** 
** 
741.8 
561.2 
498.3 
1161.1 
23980.7 
4428.9 
620.6' 
423.1 
453.5 
** 
** 
Large line 
Year 8 48.25 
Sex 1 445.35 
Age of dam 3 65.18 
Sire 40 34.94 
Cytoplasm 18 36.37 
Residual 79 24.32 
** 
1057.1 
13772.1 
4141.1 
954.6 
1316.0 
733.5 
** 
** 
1001 .1  
9264.3 
3307.4 
786.1 
1091.0 
612.7 
** 
** 
^BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain. 
Table 6. Expected mean squares and variance component estimates 
for McNay by size line - Model I 
Variance component 
Expected mean O 
Source square BW, kg': WW, kg'Z GAIN, kg2 
Small line 
Sire aj + 8.142 al 1.48 33.3 27.8 c 
o 
a 
g (9.05)® (6.44) (6. 15) 
Cytoplasm + 9.706 Cg 1.86 49.4 38.2 
o (11.37) (9.56) (8. 45) 
Residual 4 13.02 434.3 386.3 
Medium line 
Sire + 5.006 a| 4.94 48.6 33.4 
o (20.64) (8.76) (6. 86) 
Cytoplasm 4 + 7.904 3.28 8.0 -3.9 
o (13.71) (1.44) 
Residual 4 15.71 498.3 453.5 
Larae line o 
Sire a? + 2.757 3.85 80.2 62.9 6 
o 
S (12.63) (8.67) (8. 20) 
Cytoplasm 4 + 5.225 Og 2.31 111.5 91.5 
o (7.58) (12.05) (11. 93) 
Residual 4 24.32 733.5 612.7 
^ Percentage of total random variance. 
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lineages represented at McNay than at Rhodes. With fewer 
calf records available in the large line at McNay, 
cytoplasmic effects of cow families in the herd may not be 
truly represented in the data. 
Model II 
Model II included random cows within lineage effects to 
account for a greater proportion of additive genetic variance 
than Model I. Mean squares for Model II are given for Rhodes 
in Table 7. Cytoplasmic effects remained significant for BW 
(P<.01) in the three lines. Unlike results from Model I, 
cytoplasmic lineages were important for WW (P<.05) and GAIN 
(P<.05) only in the small line. In general, effects of cows 
within lineages were highly significant (P<.01) for all 
traits in the small and large size groups and were important 
for WW (P<.05) and GAIN (P<.01) in the medium synthetics. 
Tess et al. (1987) observed a reduction in mean squares for 
cytoplasmic effects when maternal grandsire effects were 
included in a model which previously had accounted only for 
sire differences. 
Variance component estimates for Rhodes (Model II) are 
presented in Table 8. Variance estimates for cytoplasmic 
lineage were smaller than those given for Model I as a result 
of including cows within lineage. The cytoplasmic component 
accounted for an average of 9.6 percent of the random 
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Table 7. Mean squares for preweaning growth traits at 
Rhodes by size line - Model II 
Source df BW, kg 
Small line 
Year 9 71. 51 
Sex 1 635. 74 
Age of dam 3 92. 78 
Sire 73 19. 24 
Cytoplasm 68 30. 48 
Cows(cyto.) 285 16. 21 
Residual 547 11. 47 
Medium line 
Year 9 28. 18 
Sex 1 669. 16 
Age of dam 3 84. 25 
Sire 94 31. 07 
Cytoplasm 66 32. 19 
Cows(cyto.) 243 18. 26 
Residual 387 17. 00 
Larae line 
Year 9 48. 53 
Sex 1 955. 09 
Age of dam 3 153. 47 
Sire 75 27. 56 
Cytoplasm 55 53. 39 
Cows(cyto.) 231 34. 00 
Residual 357 22. 17 
WW, kg" GAIN, kg' 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
* 
** 
** 
* 
** 
4342.3 
53962.0 
8580.8 
533.6 
719.2 
475.1 
320.2 
** 
** 
** 
** 
** 
3490.4 
36873.3 
6921.8 
504.8 
666.9 
509.5 
417.6 
** 
** 
** 
3857.9 
32812.5 
7536.8 
542.4 
1131.6 
938.3 
466.9 
** 
** 
** 
** 
4395.3 
42883.5 
7001.0 
465.9 
595.6 
421.4 
280.0 
** 
** 
** 
** 
** 
3423.9 
27607.8 
5483.4 
397.8 
528.3 
455.4 
342.2 
.** 
** 
** 
** 
3716.2 
22571.4 
5693.9 
481.1 
1001.1 
852.4 
390.6 
** 
** 
** 
** 
^BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain. 
Z*P<.05. 
P<.01. 
Table 8. Expected mean squares and variance component estimates 
for Rhodes by size line - Model II 
Variance component 
Expected mean 
Source square BW, kg^ WW, kg^ GAIN, kg^ 
Small line 
Sire 
"1 + 7. 509 4 
Cytoplasm "l + 1. 773 ^d/c + 9. 050 
Cows(Cytoplasm) + 2. 346 °d/c 
Residual "i 
Medium line 
Sire "l + 4. 208 4 
Cytoplasm 4 + 1. 434 ^ d/c + 6. 671 
Cows(Cytoplasm) "î + 1. 967 °d/c 
Residual 
Larae line 
Sire < + 5. 154 4 
Cytoplasm 4 + 1. 523 ^d/c + 7. 664 
Cows(Cytoplasm) 4 + 2. 018 '^d/c 
Residual 4 
1.03 28.4 24.8 
(6.35)^ (6.37) (6.39) 
1.70 31.2 23.1 
(10.48) (7.00) (5.95) 
2.02 66.0 60.3 
(12.46) (14.81) (15.53) 
11.47 320.2 280.0 
3.34 20.7 13.2 
(14.36) (4.04) (3.08) 
2.14 27.3 15.5 
(9.26) (5.33) (3.62) 
.64 46.7 57.5 
(2.77) (9.12) (13.42) 
17.00 417.6 342.2 
1.05 14.6 17.6 
(3.28) (1.93) (2.62) 
2.91 40.3 34.1 
(9.10) (5.33) (5.08) 
5.86 233.5 228.8 
(18.32) (30.91) (34.10) 
22.17 466.9 390.6 
^Percentage of total random variance. 
41 
variance for BW in all lines and 7 percent of the variance 
for WW in the small line. For WW and GAIN, variance of cows 
within lineage was larger than estimates for cytoplasmic 
lineage in all size groups. 
At McNay, the addition of cows within lineage to the 
model reduced the importance of cytoplasmic effects (Table 
9). Effects of cytoplasmic lineage were significant (P<.01) 
for birth weight in the small and medium lines which agreed 
with results given previously for Model I. However, lineages 
were important for WW and GAIN in the small line only 
(P<.05). As with the Rhodes analyses, differences among 
cytoplasmic lines at McNay under Model II were not important 
in the medium or large lines for WW and GAIN once cow effects 
were included. 
Table 10 presents variance component estimates for McNay 
(Model II). Estimates for cytoplasmic lineages were similar 
to those from the Model I analysis, but maternal lineages 
were generally less important as a percentage of the total 
random variation than for Model I. Negative estimates 
existed for cytoplasm in the medium line for WW and GAIN and 
in the large line for BW. Variance of cytoplasmic lineages 
accounted for only 3 percent of the total random variance for 
WW and GAIN in the large line. Cows within lineages 
accounted for a substantial portion of the random variation 
in the large line, nearly 30% for all traits. 
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Table 9. Mean squares for preweaning growth traits^ at 
McNay by size line - Model II 
Source df BW, kg' WW, kg" GAIN, kg' 
Small line 
Year 8 
Sex. 1 
Age of dam 3 
Sire 67 
Cytoplasm 60 
Cows(cyto.) 188 
Residual 345 
65.77 
506.69 
64.42 
17.61 
26.09 
15.91 
11.45 
** 
** 
** 
** 
** 
** 
1334.5 
41009.3 
1447.6' 
501.0, 
824.4 
528.6 
382.8 
** 
** 
** 
1203.0 
32399.2 
** 
** 
972.1 
448.0 
714.2 
460.7 
345.7 
Medium line 
Year 8 
Sex 1 
Age of dam 3 
Sire 68 
Cytoplasm 46 
Cows(cyto.) 132 
Residual 192 
39.33 
348.60 
380.18 
29.05 
31.83 
18.42' 
13.84 
** 
** 
** 
** 
** 
1106.9 
25055.7 
3163.7 
720.1 
519.9 
566.3 
451.6 
** 
** 
** 
936.8 
19493.5 
2180.0 
6 2 6 . 6 '  
448.9 
499.7 
421.7 
** 
** 
Large line 
Year 8 
Sex 1 
Age of dam 3 
Sire 37 
Cytoplasm 18 
Cows(cyto.) 49 
Residual 30 
35.55, 
91.85 
22.90 
27.94 
20.16 
29.30 
16.17 
840.8 
4074.0 
363.3 
967.4 
846.4 
875.2 
502.0 
** 
698.8 
2942.4 
237.0 
769.7 
729.2, 
741.4 
402.5 
^BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain. 
Table 10. Expected mean squares and variance component estimates 
for McNay by size line - Model II 
Variance component 
Source 
Expected mean 
square BW, kg^ WW, kg" GAIN, kg' 
Small line 
Sire 
Cytoplasm 
Cows(Cytoplasm) 
Residual 
Medium line 
Sire 
Cytoplasm 
Cows(Cytoplasm) 
Residual 
Large line 
Sire 
Cytoplasm 
Cows(Cytoplasm) 
Residual 
+ 5.525 a 
+ 1.615 a 
+ 2.140 a 
+ 3.253 a 
+ 1.458 a 
+ 1.845 a 
2 
s 
d/c + 6-6" "l 
2 
d/c 
2 
s 
d/c + 5.621 al 
d/c 
+ 1.585 a 
+ .822 a 
+ 1.199 a 
2 
s 
d/c + 2-98° "i 
2 
d/c 
1.11 
(6.79)' 
1.70 
(10.40) 
2.08 
(12.73) 
11.45 
4.68 
(19.86) 
2.56 
(10.87) 
2.48 
(10.52) 
13.84 
7.43 
(21.51) 
-1.68 
10.95 
(31.69) 
16.17 
21.4 
(4.10) 
50.1 
(9.59) 
68.1 
(13.03) 
382.9 
82.5 
(13.84) 
—4.0 
6 2 . 2  
(10.43) 
451.6 
293.7 
(25.84) 
29.7 
(2.61) 
311.3 
(27.39) 
502.0 
18.5 
(4.02) 
42.6 
(9.25) 
53.8 
(11.68) 
345.7 
63.0 
(11.95) 
—6.1 
42.3 
(8.03) 
421.7 
231.7 
(24.43) 
31.7 
(3.34) 
2 8 2 . 6  
(29.79) 
402.5 
^Percentage of total random variance. 
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Conclusions 
Cytoplasmic variance estimates from this study cannot be 
clearly interpreted as having important effects on preweaning 
growth in beef cattle. Estimates represent a larger 
proportion of the total random variance than expected based 
on reports in the literature. Variances are influenced by 
breed composition differences not accounted for in the 
analyses. Also, many cytoplasmic lineages were traced in the 
herds, particularly at Rhodes. However, the numbers of cow 
members within cytoplasmic lineages are not great enough to 
assume that genetic covariances among cows within a lineage 
do not need to be considered. Kennedy (1986) suggested that 
cytoplasmic variance detected in analysis such as this may be 
spurious estimates as a result of failure to account for 
additive genetic covariances among animals. Analysis of data 
under an animal model was suggested to separate cytoplasmic 
effects from nuclear genetic effects. 
Residual additive genetic covariances could exist within 
the cytoplasmic lineages identified in these data. Use of an 
animal model to measure cytoplasmic effects is the next step 
in determining a clear estimate of cytoplasmic variance in 
beef cattle data. Further investigation of genetic models 
which include extranuclear effects is necessary before the 
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impact of such effects on breeding programs can be 
determined. 
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SECTION II. ESTIMATION OF VARIANCE COMPONENTS USING AN 
ANIMAL MODEL 
Abstract 
Variance components were estimated for birth weight 
(BW), 205-d weaning weight (WW) and total preweaning gain 
(GAIN) data collected from three synthetic lines of beef 
cattle differing in mature size. Lines of small, medium and 
large frame calves were represented in each of two research 
herds (Rhodes and McNay). Analyses involved records 
collected on 993 small, 811 medium and 738 large line calves 
at Rhodes, and 675, 456 and 150 calves for the respective 
size lines at McNay. Data were analyzed separately by herd 
and size line using restricted maximum likelihood (REML) with 
an animal model. Model I included fixed year, sex of calf, 
age of dam and additive direct (a), additive maternal genetic 
(m), covariance (a,m), permanent environment and residual 
error effects. Model II differed by including random 
cytoplasmic lineage effects but ignoring permanent 
environment effects. Model I. Direct (maternal) 
heritability estimates for BW at Rhodes were .62(.03) for 
small, .67(.06) for medium and .30(.11) for large lines. 
Genetic correlations between direct and maternal effects for 
BW were .67, -.16 and .48 for the respective size groups. 
For WW at Rhodes, direct (maternal) heritability estimates 
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were .30(.29), .30(.14) and .10(.16) for small, medium and 
large lines, respectively, with genetic correlations of -.34 
(small), -.12 (medium) and .17 (large). Direct 
heritabilities for WW and GAIN at McNay were similar to those 
at Rhodes, but this was not true for BW. Maternal 
heritabilities at McNay for WW (.10, small; .01, medium; 
.00, large) were descriptive of early weaning (45-d) 
practices at McNay. Permanent environmental variance was 
generally not important except in the large cattle. 
Model II. For BW, cytoplasmic variance accounted for 3% of 
the total random variance in the medium line at Rhodes, and 
5% in the medium and 3% in the large lines at McNay. 
Cytoplasmic variance was not important for WW or GAIN at 
Rhodes and accounted for 4% (WW) and 2% (GAIN) of the total 
random variance in the large line at McNay. Estimates for 
nuclear genetic effects were consistent with the estimates 
from Model I. Results indicated that maternal genetic 
variance for BW and cytoplasmic variance were not important 
in the two herds. 
Introduction 
Genetic evaluations are utilized extensively today by 
many breed associations as well as individual beef producers 
to identify superior animals for economically important 
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traits. Mixed model procedures as described by Henderson 
(1973) which are used in performing these evaluations require 
estimates of variances and covariances for random effects. 
In the past, literature estimates, such as those 
summarized by Woldehawariat et al. (1977), have been utilized 
as reliable variance estimates for beef cattle traits. For 
different cattle populations involving composite breeds, 
these components may not be suitable. Also, complex models 
involving maternally influenced traits may require variance 
estimates not available in the literature. 
The primary purpose of this study was to estimate 
variance components for preweaning growth traits for three 
synthetic lines of beef cattle differing in mature size. The 
secondary objective was to compare these parameter estimates 
to estimates from a second analysis that included random 
cytoplasmic effects. 
Materials and Methods 
Data description 
Three synthetic lines of beef cattle differing in mature 
size were developed through the Iowa State Beef Breeding 
Project initiated in 1977. The three lines, designated as 
small, medium and large lines, were represented in each of 
two research herds, Rhodes and McNay, so that lines could be 
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evaluated in studies where size by management interactions 
may be important. Calves at Rhodes, located in central Iowa, 
were reared in a spring management system and were weaned at 
approximately 200 days of age. The McNay herd, located in 
southern Iowa, was operated under a fall-calving program 
where calves were early weaned at 45 days of age. 
Jersey, Angus and Simmental sire breeds were utilized in 
a breeding program so that initial size differences existed 
among the synthetic lines. The contribution of the sire 
breeds to each of the lines was as follows: 
Small: 25% Jersey, 25% Angus; 
Medium: 12.5% Jersey, 25% Angus, 12.5% Simmental; 
Large: 25% Angus, 25% Simmental. 
Crossbred cows used in the initiation of the lines 
contained Jersey, Angus and Simmental in their breed 
compositions. A detailed description of the development of 
the three lines and a characterization of preweaning weights 
for the lines were given by Northcutt (1990). 
Data represented in the study were collected from the 
project for calf birth years 1978 through 1987 at Rhodes and 
1978 through 1986 at McNay. Traits evaluated were birth 
weight (BW), 205-d weaning weight (WW) and total preweaning 
gain (GAIN) measured as a deviation of BW from WW. 
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Table 1 presents the distribution of calf records, animals 
and cows represented in the data by herd and size line. 
Variance component estimation 
Restricted maximum likelihood (REML) is one of the 
methods available for estimation for variance components in 
animal breeding data. Harville (1977) discussed several 
desirable properties of the REML approach. Several REML 
algorithms are available for use. Computational demands 
associated with some of the REML algorithms used with animal 
models are many times too great to handle with conventional 
mainframe computer systems. 
Recently, an algorithm proposed by Smith and Graser 
(1986) uses a derivative-free approach to evaluate the 
likelihood function (L) and locate the maximum without matrix 
inversion of the mixed-model equations. This derivative-free 
method is used in a set of FORTRAN programs called DFREML 
(Meyer, 1988; 1989) to obtain REML estimates in an animal 
model. The programs allow models with up to three random 
effects in addition to the residual error term and involve as 
many as five (co)variance components. 
For the current study, variance components for 
preweaning growth traits were estimated using the DFREML 
program. Data were analyzed separately by herd and size 
lines using two mathematical models in order to examine 
51 
Table 1. Distribution of calf records, animals and cows by 
herd and size line 
Herd Size Records Animals Cows 
Rhodes 
Small 
Medium 
Large 
993 
811 
738 
1119 
956 
862 
360 
317 
293 
McNay 
Small 
Medium 
Large 
675 
456 
150 
792 
578 
215 
251 
184 
71 
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parameter estimates for the three size groups under differing 
management practices (Model I) and to estimate cytoplasmic 
line variance (Model II). The convergence criterion, which 
was the minimum variance of the function values (-2 log L) 
within each round of iteration, was required to be 1 x 10~^ 
for all analyses. 
Model I 
The mathematical model for a record is: 
y = Xb + Zj^a + Zgm + Z^pe + e 
where y is the vector of observations, b is a vector of fixed 
effects that includes a common mean, a-(0,Aa^) is a vector of 
additive direct genetic values, m~(0,Aa^) is a vector of 
additive maternal genetic values, pe-(0,lapg) is a vector of 
permanent environment effects, and e~(0,la^) is the vector of 
residual error effects. 
Incidence matrices X, Z^, Z2 and Zg assign the 
appropriate effects to the vector of individual records, and 
A is the matrix of additive genetic relationships among 
animals. The variance of y is: 
Var(y) = + ZgAZ;'»: + ZiAZ^'^T^^f 
+ HWa I + lo| , 
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where is the covariance between additive direct and 
additive maternal genetic effects. Fixed effects included 
were calf birth year, sex of calf (bulls and heifers) and age 
of dam (2, 3, 4, >5 yrs). 
Model II 
Model II was identical to Model I with the exception 
that permanent environment effects were excluded from the 
model and replaced by random cytoplasmic lineage effects, 
where c-(0,la^). A similar model was used in a simulation 
study by Southwood et al. (1989). A cytoplasmic lineage was 
defined as all animals with a common cytoplasmic source. 
Foundation females were considered to be the cytoplasmic 
origins for the lineages. 
Previously, as described by Northcutt (1990), the data 
were evaluated for evidence of cytoplasmic effects using 
least squares procedures. The intent of using Model II in 
the current study was to determine if cytoplasmic variance 
detected by least squares analysis was present after 
accounting for all additive genetic relationships using an 
animal model. Use of an animal model to examine cytoplasmic 
variation was suggested by Kennedy (1986). 
Parameter estimation 
Heritability estimates for direct and maternal genetic 
effects were calculated from the variance components 
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estimated from Model I as: 
and 
% 
+ 
m 
^.2 
m 
m 
2 
pe 
A5 AO AO A 
a„ / (a^ + af + a am pe 
"- + "an + ®pî + 
+ Î.? + Sh 
For Model II, cr^g was replaced by in the equations 
for h^ and h^. To examine the importance of permanent 
environment and cytoplasmic effects, in Model I (or cr^ in 
Model II) was given as ratio to the phenotypic variance a^, 
where 
AO AO AO A AO AO AO 
*p = *a + *m + ^ am + <^pe (°r *c)+ 
Results and Discussion 
Model I 
Variance component estimates Variance component 
estimates for BW by herd and size are given in Table 2. At 
Rhodes, components for direct variance were greater in the 
small and medium lines than the large line, although this 
pattern was not true at McNay. The maternal genetic 
component was negligible in the small and medium size groups 
at Rhodes and for the small line at McNay. Larger estimates 
of maternal genetic variance in the two lines at McNay may 
have been a function of the limited numbers of observations 
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Table 2. Variance components, heritabilities and genetic 
correlations for BW by herd and size (Model I) 
Herd Size 
Variance component 
(Parameter Estimate) 
% 
(&») 
% am 
f^am) 
Î5 
Rhodes 
Small 11.96 
(.62) 
.55 
(.03) 
1.71 
(.67) 
. 0 0  
( . 0 0 )  
5.00 
Medium 16.56 
(.67) 
1.52 
( . 0 6 )  
-.79 
(-.16) 
.38 
(.02) 
7.25 
Large 9.95 
(.30) 
3.46 
(.11) 
2.80 
(.48) 
.46 
(.01) 
16.16 
McNay 
Small 6.34 .45 .09 1.57 8.37 
(.38) (.03) (.06) (.09) 
Medium 21.45 
( . 8 8 )  
8.33 
(.34) 
-8.27 
(-.62) 
. 0 0  
( . 0 0 )  
2 . 8 8  
Large 17.79 
(.56) 
6.73 
(.21) 
-8.37 
(-.76) 
3.47 
(.11) 
11.94 
^Variances reported as kg^. 
^Ratio of permanent environment to phenotypic variance. 
56 
available for the herd. Results for the permanent 
environment component indicated that the effect was of little 
importance in describing variation in BW. Residual error 
estimates indicated that size group differences existed in 
both herds. 
For WW (Table 3), components for direct effects differed 
among size lines as seen previously for BW. At Rhodes, 
estimates for the small and medium lines were greater than 
the large line variance. Wright et al. (1987) reported 
direct variance of 79.3 kg^ for weaning weight in Simmental 
field data which was similar to the 71.4 kg^ for the large 
line at Rhodes. Results for McNay differed from Rhodes in 
that the direct variance for the small line was less than the 
estimates for the other two lines. 
The maternal genetic estimates at Rhodes were larger 
than estimates at McNay, reflecting the fact that the McNay 
calves spent less time nursing their dams. At McNay, all 
calves were early weaned at 45 d of age, thus the maternal 
contribution to offspring performance was reduced as 
expected. Direct and maternal covariance components differed 
among size lines, with the covariance estimates tending to be 
more negative in the small line and more positive in the 
large line at Rhodes. However, this was not true at McNay 
for early weaned calves. 
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Table 3. Variance components, heritabilities and genetic 
correlations for WW by herd and size (Model I) 
Herd Size 
Variance component 
(Parameter Estimate) 
% 
(&!) 
% 
(%) 
am 
(^am) 
a? 
Rhodes 
Small 141.3 
(.30) 
137.7 -47.9 
(.29) (-.34) 
.0 246.0 
( . 0 0 )  
Medium 166.7 
(.30) 
77.1 
(.14) 
13.9 
(-.12) 
15.5 
(.03) 
316.2 
Large 71.4 
(.10) 
116.6 
(.16) 
15.2 
(.17) 
98.4 
(.13) 
441.3 
McNay 
Small 137.9 
( . 2 6 )  
50.7 
(.10) 
29.4 
(.35) 
10.9 
(.02) 
303.2 
Medium 198.9 
(.34) 
4.6 
(.01) 
19.1 
(.63) 
17.3 
(.03) 
349.7 
Large 169.1 2.3 -18.9 156.0 583.6 
(.19) (.00) (-.95) (.17) 
^Variances reported as kg^. 
^Ratio of permanent environment to phenotypic variance. 
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Permanent environmental effects for WW were not 
important in the small and medium lines at both locations. 
However, the greater permanent environmental variances 
reported in the large lines may be indicative of the cow 
populations used in large line development. 
Results for GAIN (Table 4) were similar to those for WW 
in both herds. However, the covariance component for GAIN in 
the large line at Rhodes was negative (-.13), unlike the 
corresponding component for WW (.17). As with WW, the 
tendency for the covariance term to be more negative for the 
small line than the large line existed for GAIN also. 
Differences in the variance component estimates are 
evident between the three size.lines of cattle for preweaning 
traits. It is important to note that these results reflect 
breed composition differences of the lines as well as 
variation in general size. 
Parameter estimates Direct and maternal genetic 
heritabilities for BW are presented in Table 2, along with 
the genetic correlation between direct and maternal effects 
and the permanent environment variance reported as a 
percentage of the phenotypic variance. Heritabilities for 
the direct component were larger in the small and medium 
lines than in the large size group at Rhodes. Estimates in 
the current study were larger than the heritability estimate 
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Table 4. Variance components, heritabilities and genetic 
correlations for GAIN by herd and size (Model I) 
Variance component^ 
(Parameter Estimate) 
«2 A 12 
*a m ^am Pe *e 
Herd Size (h|) (%) (^am) (^pe/^p)^ 
Rhodes 
Small 111.2 122.1 —45.4 1.6 222.4 
(.27) (.30) (-.39) (.00) 
Medium 135.7 78.0 -11.6 13.9 262.8 
(.28) (.16) (-.11) (.03) 
Large 66.6 107.8 -10.6 114.9 374.4 
(.10) (.17) (-.13) (.18) 
McNay 
Small 104.7 50.1 19.6 .6 287.4 
(.23) (.11) (.27) (.00) 
Medium 186.3 
(.38) 
7.9 
(.02) 
-34.8 
(-.91) 
. 8  
( . 0 0 )  
335.4 
Large 118.2 2.4 -16.7 145.0 
(.16) (.00) (-.99) (.20) 
483.7 
^Variances reported as kg^. 
^Ratio of permanent environment to phenotypic variance. 
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of .45 for birth weight summarized by Woldehawariat et al. 
(1977). Koch et al. (1973) reported heritability for birth 
weight to be .49 for bulls and .57 for heifers. Heritability 
estimates for birth weight reported by Bourdon and Brinks 
(1982) ranged from .35 to .43. An earlier estimate by Shelby 
et al. (1955) was .72 for birth weight, which was larger than 
many of the estimates in both herds. 
Direct heritabilities for BW were greater than those 
estimates for maternal genetic effects. Results at Rhodes 
indicated that including maternal genetic effects for BW may 
not have been necessary. Genetic correlations were difficult 
to interpret as a function of the magnitude of the maternal 
component. Koch (1972) reported a genetic correlation 
between direct and maternal effects of .07 for birth weight 
in Hereford cattle. Permanent environmental variance for BW 
represented no more than 2% of the phenotypic variance at 
Rhodes, although these effects appeared to be more important 
at McNay accounting for a range of 0% to 11% of the 
phenotypic variance. 
For WW, heritability for direct effects (Table 3) were 
similar for small and medium frame calves in both herds. 
Direct estimates were similar in magnitude to literature 
estimates of .24 in Angus cattle (Skaar, 1985), .26 
(Woldehawariat et al., 1977) and .32 for male calves (.39 for 
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females) in Simmental data (Garrick et al., 1989). Wilson et 
al. (1986) reported direct heritability estimates of .16 for 
Angus and .13 for Hereford data, which were similar to 
estimates for the large line in this study. Also, the direct 
heritability of .12 reported from Simmental field data 
(Wright et al., 1987) was comparable to the large line 
results. 
Maternal genetic heritabilities for WW were less than 
estimates for direct variance in all but the large line at 
Rhodes. These heritabilities were reduced for early weaned 
calves at McNay. Skaar (1985) found that maternal estimates 
were less than direct estimates for Angus weaning weight 
data, although the reverse was true for the Hereford data. 
Genetic correlations for WW at Rhodes were within range 
of literature estimates, and correlations tended to be more 
positive with increasing frame size. Large negative 
estimates for genetic correlation between direct and maternal 
effects were reported by Koch and Clark (1955) and Hohenboken 
and Brinks (1971). In contrast, Wright et al. (1987) 
reported r^^=.16 for Simmental cattle which agreed with the 
genetic correlation of .16 in the large line at Rhodes. 
Skaar (1985) also reported a positive genetic correlation for 
Angus (.16) and Hereford (.25) cattle. 
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As reported previously for •BW, permanent environment 
effects represented a substantial portion of the phenotypic 
variance for WW only in the large lines at Rhodes (13%) and 
McNay (17%). Estimates of permanent environmental variance 
in Simmental data were 7.4% of the phenotypic variance 
(Wright et al., 1987). 
Parameter estimates for GAIN (Table 4) agreed with 
estimates for WW illustrating the part-whole relationship of 
the two traits. However, a negative genetic correlation 
existed in the large line at Rhodes and the medium line at 
McNay which differed from results for WW. 
Model II 
Variance component estimates Variance components for 
BW for Model II which included random cytoplasmic line 
effects are presented in Table 5. Estimates for direct and 
maternal variance and direct-maternal covariance were 
consistent with the variance estimates from Model I. 
Cytoplasmic variance was not detected in small frame size 
data and represented 3% of the phenotypic variance in the 
medium line at Rhodes, and 5% and 3% in the medium and large 
lines, respectively, at McNay. With the limited amount of 
information available at McNay, particularly in the large 
line, the evidence of cytoplasmic variance after accounting 
for genetic covariances among animals may be a result of the 
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Table 5. Variance components, heritabilities and genetic 
correlations for BW by herd and size (Model II) 
Herd Size 
Variance component 
(Parameter Estimate) 
% 
(h=) 
a2 
m 
(%) 
am 
(^am) 
Rhodes 
Small 11.43 
(.60) 
.87 
(.05) 
1.75 
(.56) 
. 0 0  
( . 0 0 )  
5.12 
Medium 16.26 
(.65) 
1.53 
(.06) 
-1.02 
(-.21) 
.80 
(.03) 
7.48 
Large 9.73 3.85 2.78 .15 16.39 
(.30) (.12) (.45) (.00) 
McNay 
Small 5.34 1.99 .18 .00 
(.32) (.12) (.06) (.00) 
9.36 
Medium 21.32 
(.87) 
7.61 
(.31) 
-8.81 
(-.69) 
1.22 
(.05) 
3.07 
Large 17.74 
(.56) 
8.60 
(.27) 
-8.51 
(-.69) 
.87 
(.03) 
12.98 
^Variances reported as kg^. 
^Ratio of cytoplasmic lineage to phenotypic variance. 
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limited sample size at McNay. In least squares analyses of 
the same data (Northcutt, 1990), estimates of cytoplasmic 
variance from a model which included sire and dam effects 
accounted for an average of 9.6% and 10.6% of the total 
variance for BW at Rhodes and McNay, respectively. 
Results for WW (Table 6) agreed with estimates reported 
previously for Model I. Cytoplasmic variance was not 
detected in any herd-size line, except for the large line at 
McNay. Previous reports using least squares procedures 
indicated evidence of cytoplasmic variance for WW in the same 
data ranging from 2.6% to 10.9% (Northcutt, 1990). Results 
for the current study tended to agree with Kennedy (1986) 
that accounting for additive genetic relationships using an 
animal model may reduce spurious cytoplasmic variance 
detected in least squares analysis. 
Estimates for GAIN (Table 7) were in agreement with WW 
results. Inclusion of cytoplasmic effects accounted for 2% 
of the variance in GAIN in the large line at McNay. The 
separation of BW from WW did not provide an understanding of 
cytoplasmic effects in relation to pre- and postnatal 
development. 
Parameter estimates Direct heritability estimates 
for BW (Table 5) were relatively unchanged by the addition of 
cytoplasmic effects. Also, the maternal heritabilities were 
65 
Table 6. Variance components, heritabilities and genetic 
correlations for WW by herd and size (Model II) 
Farm Size 
Variance component^ 
(Parameter Estimate) 
% am 
(ram) 
% 
Rhodes 
Small 141.4 137.8 -48.1 
(.30) (.29) (-.34) 
.0 246.0 
( . 0 0 )  
Medium 167.1 93.8 -15.1 
(.30) (.17) (-.12) 
.0 318.7 
( . 0 0 )  
Large 72.5 224.1 23.8 
(.09) (.29) (.19) 
.0 451.4 
( . 0 0 )  
McNay 
Small 136.3 
(.26) 
60.9 
(.11) 
29.7 
(.33) 
.0 306.8 
( . 0 0 )  
Medium 278.3 
(.49) 
10.0 
(.02) 
-52.8 
(-1.00) 
2.0 335.4 
( . 0 0 )  
Large 62.2 26.2 39.4 37.3 730.3 
(.07) (.03) (.98) (.04) 
^Variances reported as kg^. 
^Ratio of cytoplasmic lineage to phenotypic variance. 
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Table 7. Variance components, heritabilities and genetic 
correlations for GAIN by herd and size (Model II) 
Farm Size 
Variance component® 
(Parameter Estimate) 
% 
(h=) 
m 
(%) 
am 
('am) 
'I 
Rhodes 
Small 113.0 
(.27) 
123.7 
(.30) 
-45.7 
(-.39) 
. 0  
( . 0 0 )  
221.7 
Medium 133.3 
(.28) 
92.7 
(.19) 
-10.9 
(-.10) 
. 0  
( . 0 0 )  
266.4 
Large 70.2 
(.10) 
233.3 
(.34) 
-3.9 
(-.03) 
. 0  
( . 0 0 )  
384.2 
McNay 
Small 104.1 51.5 19.3 .0 287.5 
(.23) (.11) (.26) (.00) 
Medium 200.9 10.5 -45.8 .0 330.4 
(.41) (.02) (-.99) (.00) 
Large 27.7 43.5 34.7 15.8 614.3 
(.04) (.06) (.99) (.02) 
^Variances reported as kg^. 
^Ratio of cytoplasmic lineage to phenotypic variance. 
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consistent with those estimates reported for Model I. 
Cytoplasmic variance had little effect on parameter 
estimates for WW (Table 6). Differences in parameter 
estimates from altering the model to include random 
cytoplasmic lines had the greatest effect on maternal 
heritability, but these changes were interpreted as a result 
of ignoring permanent environment effects rather than the 
effects of cytoplasmic variance. Similar results were true 
for GAIN (Table 7). 
Conclusions 
Based on the cattle evaluated in this project, 
cytoplasmic variance was not important for preweaning 
performance. Results indicated that parameter estimates in 
Model I were not biased by failure to account for cytoplasmic 
lineage effects in the data. Absence of cytoplasmic 
variation in the lines suggests that a genetic evaluation of 
the size lines using an animal model need not consider random 
cytoplasmic lineage effects. 
In general, results from Models I and II suggest 
evidence of size line differences in parameter estimates for 
preweaning growth traits. Literature estimates tend to 
support some of the line differences in relation to the beef 
breeds influencing the breed composition of the size lines. 
Although no adjustments were made for breed composition in 
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the analyses, parameter estimates may be an indication of 
variation in preweaning traits for composite breeds. In an 
analysis of Brangus data, Bertrand and Benyshek (1987) 
reported that larger direct and maternal heritabilities may 
be estimated for composite breeds, because of increased 
genetic variability as result of gene frequency differences 
among the breeds used in developing the composites. 
Evidence of frame size differences in this study 
suggests the need for separate genetic evaluations for the 
lines. Appropriate variance and covariance components 
estimated from the data should be used in the mixed-model 
equations. 
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SECTION III. GENETIC EVAIXTATION OF THREE SIZE LINES OF BEEF 
CATTLE FOR FREWEANING GROWTH TRAITS 
Abstract 
An animal model was used to evaluate preweaning growth 
performance of three synthetic lines of beef cattle differing 
in mature size. Small, medium and large size lines were 
developed using sires of Jersey, Angus and Simmental breed 
combinations. Lines were replicated in two herds (Rhodes and 
McNay) with differing management practices. Bulls used to 
generate the lines were selected within season and line using 
indexes composed of weaning weight and hip height measures. 
Indexes were designed to increase height in the large line 
and decrease height in the small line, while practicing 
positive selection for weight in both lines. The medium line 
functioned as a control for size. Birth weight (BW), total 
preweaning gain (GAIN) and 205-d weaning weight (WW) and hip 
height (HH) records were collected on 993 small, 811 medium 
and 738 large line calves at Rhodes and 675, 456 and 150 
calves for the respective size lines at McNay. Data were 
analyzed separately by herd and size line. The animal model 
for an adjusted weight or height record consisted of a 
contemporary group mean, additive genetic effect for direct 
growth, additive maternal genetic effect, permanent 
environmental effect and residual error. Linear regression 
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coefficients for mean breeding value on calf birth year were 
used to evaluate direct and maternal genetic trend for each 
line. At Rhodes, direct genetic trends were significant for 
WW in the small (P<.10) and medium (P<.01) lines and for HH 
in the small (P<.05) and large (P<.10) lines. Although the 
lines were developed so that initial size differences existed 
among them, 10 years of selection for height further 
differentiated the large and small lines at Rhodes by only 
1.00 cm genetically. At McNay, the genetic trend for direct 
effects was important for WW (P<.05) in the small and medium 
lines, but not for HH. Maternal genetic trend was not 
evident in either herd except for WW and GAIN in the medium 
line at McNay, accounting for a 1.1 kg improvement in 
performance for the both traits over a nine-year period. 
Permanent environmental trend was not important in any herd 
or line. 
Introduction 
Mature size is an important issue in the beef industry. 
The relationship of size and production efficiency is of 
interest for different breeds and management systems. The 
effects of size as characterized by weight and height is not 
a new concern. Cartwright (1979) reported that size affects 
the efficiency of the cow-calf pair. Breed effects on size. 
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condition and growth in bulls and heifers have been studied 
extensively by Long et al. (1979a;1979b). 
Brody (1945) suggested an equation to relate weight and 
wither height. This equation was used by Hiddleton (1981) to 
examine size differences among three synthetic lines of beef 
cattle. Also, Buttram and Willham (1989) evaluated size and 
management effects on reproduction of cows from these 
synthetic lines. 
The purpose of this study was to evaluate the three 
lines of beef cattle differing in mature size for evidence of 
genetic change during the initial years of selection for 
general size differences. Genetic and permanent 
environmental trends for preweaning growth as a result of 10 
years of index selection for size are presented. 
Materials and Methods 
Data description 
The Iowa State Beef Breeding Project was initiated in 
1977 to develop three synthetic lines of beef cattle 
differing in mature size. Small, medium and large size lines 
of cattle were created to serve as a research resource for 
use by the beef systems group in both basic and applied 
studies where size may be important. One of the specific 
objectives of the project was to study the results of 
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selecting for general size in the positive and negative 
direction using the medium size synthetic as the control. 
Three sire breeds (Jersey, Angus and Simmental) and 
existing crossbred cows from previous projects were used in 
three breeding schemes to produce synthetic lines with 
initial size differences. A further description of the 
development of the lines was presented by Northcutt (1990). 
Crossbred bulls used to generate the lines were selected 
using a weaning growth index. Each of the indexes, as 
depicted in Table 1, contained weaning weight and hip height 
as well as mean weights and heights computed for bull calves 
within season and line. Weights and heights were adjusted 
for age of dam, sex of calf and calf age. All indexes 
included a weighting factor of 5 to account for differences 
in the variances of weight and height. Indexes were designed 
to increase height in the large line and decrease height in 
the small line. Positive selection for weight was practiced 
in both lines. The medium line functioned as a control for 
general size. Selection of bulls was at 160 to 200 days of 
age so that the majority of the calves could be used in post-
weaning experiments. 
During the developmental stages of the lines, little 
selection pressure was placed on the female side. Cows were 
culled primarily for reproduction, except in the small line 
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Table 1. Weaning growth indexes for bulls by size line 
Small: (WT® - WT) - 5(HT^ - HT) 
Medium; |(WT - WT)|° + 5|(HT - HT)1 
Large: (WT - WT) + 5(HT - HT) 
®WT = Adjusted weaning weight. 
®HT = Adjusted weaning hip height. 
Absolute value. 
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and to a lesser degree in the medium line where some culling 
based on generation was conducted in the later years of the 
project. Selection of heifers on their weaning index values 
occurred only for small line heifers born in 1985. No 
selection was practiced on large line females. 
The three synthetic lines were replicated in two 
research herds practicing different management systems. The 
Rhodes herd located in central Iowa followed a spring-calving 
schedule in which calves were weaned at approximately 200 
days of age. At the McNay herd in southern Iowa, calves were 
produced under a fall-calving system and were weaned at 45 
days of age. 
Data utilized in the study were collected over a 10-year 
period (1978-1987) at Rhodes and nine years (1978-1986) at 
McNay for the traits birth weight (BW), 205-d weight (WW), 
205-d hip height (HH) and total preweaning gain (GAIN) 
measured as (WW-BW). Records were adjusted for sex of calf 
and age of dam by herd and size line using adjustment factors 
computed in a preliminary analysis (Appendix A, Tables Al-
A4). No adjustment for breed composition of the calves was 
made. Table 2 presents mean weights and hip heights by herd 
and size line to characterize weight and height differences 
among the lines. 
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Table 2. Means for preweaning growth traits® by herd and 
size line 
Mean ± standard error 
Herd Size N BW,kg WW, kg GAIN,kg HH,cm 
Rhodes 
Small 993 
Medium 811 
Large 738 
36.09±.14 217.7± .8 181.9± .7 108.00±.16 
41.25+.18 240.9+1.0 199.5+ .9 113.00+.17 
46.51+.22 254.3+1.1 207.8±1.0 116.68±.20 
McNay 
Small 675 
Medium 456 
Large 150 
32.14+.17 199.9± .9 168.0± .9 101.24+.17 
37.49+.25 227.9±1.2 191.2+1.1 105.97+.19 
43.38+.51 255.3±2.6 212.7±2.3 111.14±.39 
®BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain, HH=205-d hip height. 
^ All records were pre-adjusted for age of dam and 
sex of calf. 
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Statistical analysis 
Data were analyzed separately by herd and size line 
using a single trait animal model. The linear model for a 
weight or height record was: 
y = Xb + + Zg™ + Zgpe + e 
where y is the vector of observations, b is a vector of fixed 
effects corresponding to mean calf birth year, a-(0,Aa^) is a 
vector of additive direct genetic values, in-(0,Aa^) is a 
vector of additive maternal genetic values, pe-(0,lapg) is a 
vector of permanent environment effects and e-(0,lag) is the 
vector of residual error effects. Incidence matrices X, Z^, 
Zg and Z3 assign the appropriate effects to the vector of 
individual records, and A is the matrix of additive genetic 
relationships among animals. The variance of y is: 
var(y) = 
+ ww'ffpl + la| , 
where is the covariance between additive direct and 
alu 
additive maternal effects. 
Variance ratios associated with the random effects in 
the animal model analyses were computed from variance 
component estimates given by Northcutt (1990) for BW, WW and 
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GAIN at Rhodes. Estimates used for hip height are presented 
in Appendix A, Table A5. Rhodes estimates were chosen to be 
used in all McNay analyses since fewer records were available 
to estimate variance components for McNay, particularly in 
the large line. Rhodes estimates were interpreted as being 
the best estimates to reflect size differences among the 
lines regardless of management differences between herds. 
The full model was used for all traits. When permanent 
environment variance estimates were zero for BW and WW, the 
estimate from the medium line was used. For HH, the 
permanent environmental variance for the small line was used 
in all analyses. 
A set of PL/I programs was developed to construct the 
mixed-model equations for each herd and size line (Appendixes 
B, C, D). Best linear unbiased prediction solutions were 
obtained iteratively using the successive overrelaxation 
algorithm found in ITPACK (Kincaid, 1982). Direct and 
maternal genetic trends were computed as the linear 
regression of the mean direct or maternal breeding value on 
calf birth year. Breeding values predicted on all animals, 
parent and nonparent, were utilized in the estimation of 
direct and maternal genetic trends. Permanent environmental 
trend was measured as the linear regression of mean permanent 
environment solution on cow birth year. 
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Results and Discussion 
Direct genetic trend 
Linear regression coefficients for direct genetic trend 
are presented for weights and hip height by herd and size 
line in Table 3. For BW, regression coefficients were 
nonsignificant at Rhodes and McNay. Linear trend for the 
medium line at Rhodes tended to be positive although this was 
not expected for the control line for size. 
Significant genetic trend for direct effects was 
detected for WW in the small and medium lines in both herds. 
For the small lines, regression coefficients were indicative 
of positive selection for weaning weight as illustrated in 
the weaning growth index for the line (Table 1). Direct 
trend in the small size groups amounted to a 1.1 kg increase 
in WW over the 10-year period at Rhodes and 2.5 kg increase 
for the nine years at McNay. The index equation for the 
medium line was designed to develop a control line 
intermediate in weight and height. Direct genetic trend for 
the medium line was highly significant (P<.01) at Rhodes and 
to a lesser degree at McNay (P<.05). 
Increases in weaning weight in the medium line may have 
resulted from the choice of bulls based on the index values. 
Each season, bulls with index values near zero were 
considered to be the desirable sires chosen for use in the 
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Table 3. Direct genetic trend for preweaning growth traits^ 
by herd and size line 
Trend ± standard error 
Herd Size N BW WW GAIN HH 
Rhodes 
Small 1119 
Medium 956 
Large 862 
-.00±.02 
.07+.05 
-.03±.02 
.11+.05 t .10±.05 t 
.37±.ll** .30±.10* 
.08±.07 .08±.05 
-.05±.02 
.05±.03 
.05+.02f 
McNay 
Small 792 
Medium 578 
Large 215 
.01±.05 .28±.10 .26+.08 .00±.02 
.03±.06 .34+.13* .31+.11* .03±.02 
.07±.07 .09+.08 .08+.07 .02±.02 
^BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain, HH=205-d hip height. 
b 
height. 
Trend is measured in kg/yr for weights and cm/yr for 
t 
P<.01. 
P<.05. 
P<.10. 
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medium line. However, in the early years of the project, 
bulls with more positive index values had to be used in order 
to continue producing the earlier generations used in 
developing the lines and to increase herd numbers. 
Linear regression coefficients for WW in the large lines 
were similar for both herds. The genetic trends were 
positive, but the increase in weight in the large lines over 
time was not significant. Results were not surprising 
because reproductive problems in the large line as described 
by Buttram and Willham (1989) made maintaining the lines of 
large cattle difficult. This in turn limited selection 
progress for increased height and weight in both herds, 
particularly at McNay. 
Direct genetic trends for GAIN were similar to the 
trends presented for WW. Linear regression coefficients 
remained significant in the small and medium lines at Rhodes 
and McNay. 
Perhaps the most interesting trait to evaluate after 10 
years of selection using a weaning growth index was weaning 
hip height. As depicted in the index equations (Table 1), 
selection in the small line was for decreased height as well 
as increased weight. Results for HH in the small size group 
at Rhodes were not surprising based on the design of the 
index equation for the line. Direct genetic trend in the 
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small line for HH was negative and significant (P<.05), 
accounting for a .50 cm decrease in height over the 10-year 
period of selection. This trend was not evident in the small 
size cattle at McNay, however. The initial size differences 
that existed between the three lines may be a reason for only 
a slight decrease in height in the small cattle over time. 
For the large cattle at Rhodes, the linear regression of 
mean direct breeding value on calf birth year was positive 
for HH and approached significance (P<.10). Direct trend in 
the line accounted for a .50 cm increase over 10 years of 
selection. Selection for height further differentiated the 
large and small lines by 1.00 cm genetically. In the case of 
the medium line at Rhodes, the linear regression coefficient 
for HH was not significant although it was the same magnitude 
as the lines selected for increased or decreased height. 
At McNay, the direct genetic trends for HH were smaller 
than those reported for Rhodes and were nonsignificant in all 
size lines. Results for the herd indicate that the index 
selection practiced at approximately 200 days of age affected 
only WW and GAIN and not HH in the herd. 
Maternal genetic trend 
Linear trends for maternal genetic effects are presented 
for the growth traits by herd and line in Table 4. For BW, 
none of the trends were significant for any line or herd. 
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Table 4. Maternal genetic trend for preweaning growth 
traits^ by herd and size line 
Trend ± standard error 
Herd Size N BW WW GAIN HH 
Rhodes 
Small 1119 
Medium 956 
Large 862 
-.00±.003 -.13±.10 -.13±.10 -.OOt.Ol 
.01+.01 -.04+.06 -.06±.08 -.01+.01 
-.02±.01 .13+.11 .14±.09 .01+.01 
McNay 
Small 792 
Medium 578 
Large 215 
.OOt.Ol .12±.10 .13+.10 .Olt.Ol 
.01+.01 .12+.05* .12±.05* .OOi.Ol 
.04+.04 .04+.13 -.01+.09 -.00+.01 
®BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain, HH=205-d hip height. 
b 
height. 
*. 
Trend is measured in kg/yr for weights and cm/yr for 
P<.05. 
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Significant genetic change for BW was not expected based on 
the small maternal genetic variances estimated for the data 
by Northcutt (1990). 
For WW and GAIN, linear regression coefficients were 
important only in the medium line at HcNay. Maternal genetic 
trend accounted for a 1.1 kg improvement in each the two 
traits during the project. The reason for this genetic 
change in the control line is not understood. In contrast, 
trends at Rhodes for the two traits tended to be negative in 
the medium line although the genetic change was not 
significant. Regression coefficients tended to be larger for 
WW and GAIN than for BW in both herds except for the large 
cattle at McNay. 
Maternal genetic trend for HH was not important in any 
of the lines at the two herds. These results for HH as well 
as the limited maternal genetic trend for the weight traits 
may be a consequence of there being little selection pressure 
placed on the females in the project. 
Permanent environmental trend 
Mean permanent environmental solutions were regressed on 
cow birth year to determine if the linear trend was important 
in the size groups (Table 5). Linear regression coefficients 
were not significant for any trait, suggesting a quadratic or 
cubic trend for the solutions. Coefficients tended to be 
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Table 5. Permanent environmental trend for preweaning growth 
traits^ by herd and size line 
Trend ± standard error^'° 
Herd Size N BW WW GAIN HH 
Rhodes 
Small 360 -.00+.003 -.03+.03 —.00±.006 .00±.003 
Medium 317 -.00+.005 -.02±.04 -.02±.04 -.00±.004 
Large 293 -.00+.004 -.17±.25 -.18±.33 -.Oli.Ol 
McNay 
Small 251 -.00±.006 -.06+.05 -.01+.01 -.OOi.Ol 
Medium 184 .00±.009 .02±.06 .02±.06 .00±.01 
Large 71 .01+.01 -.24±.45 -.37±.48 -.01+.02 
^BW=birth weight, WW=205-d weaning weight, 
GAIN=total preweaning gain, HH=205-d hip height. 
^ Trend is measured in kg/yr for weights and cm/yr for 
height. 
° All linear regression coefficients were 
nonsignificant. 
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larger in the large frame cattle at both locations for WW and 
GAIN. This may be attributed to the choice of foundation 
cows used in developing the large synthetics. 
Conclusions 
In general, there appeared to be slight response for 
sire selection practiced at around 200 days of age during the 
development of the size lines. Little evidence of genetic 
change in the synthetic lines for preweaning growth traits 
was interpreted as being a result of the nature of line 
development. Many sires were used across years in order to 
generate and maintain the lines. This was especially true at 
McNay and for the large lines at both locations. Also, 
substantial size differences existed between the small, 
medium and large line cattle due to the initial selection of 
sires, sire breeds and the allotment of crossbred cows to the 
lines. 
Although the design of the breeding project tended to 
limit the genetic divergence of the small and large lines 
from the control, the project fulfilled two important 
objectives. Firstly, three definable groups of cattle that 
differed in mature size were made available as a research 
resource so that size differences could be explored in the 
initial years of the project. Secondly, the lines were 
88 
evaluated under two management systems so that the size by 
management differences were addressed. Variation among and 
within breeds was a useful tool in establishing lines of beef 
cattle to study the importance of size effects. 
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SUMMARY 
This thesis presented an evaluation of cytoplasmic and 
nuclear inheritance for preweaning growth traits in three 
synthetic lines of beef cattle differing in mature size. The 
objectives of this study were to assess the importance of 
cytoplasmic effects in the three lines of beef cattle, 
estimate variance components for cytoplasmic and nuclear 
genetic effects, and use a genetic evaluation to determine if 
genetic change occurred in the size lines over the 10 years 
of line development. To address each of these problems, this 
study is summarized in three sections. 
The first section presented a detailed description of 
the development of each of the size lines and the 
identification of cytoplasmic lineages in the data. A 
characterization of the size line differences for birth 
weight, 205-d weaning weight and total preweaning gain was 
included. The importance of cytoplasmic lineage effects for 
preweaning growth was assessed under two mathematical models 
for two research herds using least squares procedures. 
Variance components were estimated for sires, cytoplasmic 
lineage, cows within lineage and residual error effects. 
The next section involved the estimation of variance 
components for preweaning growth traits using restricted 
maximum likelihood procedures with an animal model. Variance 
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components for additive direct and additive maternal genetic, 
direct and maternal covariance and permanent environmental 
effects were given for each herd and size line along with 
heritability estimates and genetic correlations for each 
trait. These estimates were compared with estimates from a 
second analysis that included random cytoplasmic lineage 
effects instead of permanent environmental effects. 
The final section was a genetic evaluation of each of 
the synthetic lines for weights and hip height for evidence 
of genetic change during the developmental years of the 
lines. Weaning growth indexes were explained in detail for 
each line. Genetic and permanent environmental trends for 
preweaning growth traits were presented by herd and size 
line. 
This study of cytoplasmic inheritance in beef cattle 
serves as evidence of evaluating cytoplasmic variance after 
accounting for additive genetic relationships among animals 
using an animal model. Previous cytoplasmic studies in beef 
cattle did not account for such relationships. Also, this 
project compares the least squares estimates for cytoplasmic 
variance with those from an animal model. Results from this 
study suggest that cytoplasmic lineage variation was of 
little importance in preweaning growth traits. This report 
indicates that accounting for cytoplasmic line variance in 
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genetic evaluations for preweaning growth performance in beef 
cattle is not needed. 
In the evaluation of nuclear inheritance in beef cattle, 
this study has important contributions to the issue of mature 
size in cattle. Although no correction for breed composition 
is made in the lines, the variance components and 
heritability estimates for direct and maternal genetic 
effects serve as a reference for three distinct size groups 
of cattle. Variance estimates suggest that maternal genetic 
effects are of limited importance for birth weight. 
Permanent environmental variance for preweaning growth in the 
lines is substantial mainly in the large frame cattle. These 
results may be used in assessing the relative importance of 
maternal genetic and permanent environmental effects in 
genetic evaluations. In addition, variance estimates for 
weaning weight are presented for two management systems to 
compare early weaning (45-d) with the traditional weaning at 
about 200 days of age. 
Through this project, variation among and within breeds 
was utilized to establish three size lines of beef cattle. 
The evidence of selection for height and weight will be of 
use in future research efforts addressing nature size in beef 
cattle. 
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APPENDIX A. TABLES FOR SECTION III 
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Table Al. Adjustment factors for age of dam and sex for BW 
at Rhodes and McNay by size line, kg 
Line 
Small Medium Large 
AGE®: 2 2.80 (3.50)° 3.65 (4.62) 4.13 (5.34) 
3 0.83 (1.09) 1.14 (0.60) 0.65 (.97) 
4 0.50 (0.01) 0.17 (1.02) 0.50 (1.57) 
>5 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
SEX^: F 1.07 (1.06) 1.08 (1.09) 1.08 (1.10) 
M 1.00 (1.00) 1.00 (1.00) 1.00 (1.00) 
^Additive adjustment factors for age of dam. 
^Multiplicative adjustment factors for sex of calf. 
*^cNay adjustment factors given in parentheses. 
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Table A2. Adjustment factors for age of dam and sex for WW 
at Rhodes and McNay by size line, kg 
Line 
Small Medium Large 
AGE^: 2 27.0 (19.8)° 29.3 (27.2) 29.3 (33.8) 
3 8.7 (6.6) 9.5 (6.1) 6.0 (12.3) 
4 5.1 (0.1) 3.0 (6.7) 4.6 (4.6) 
>5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
SEX^: F 1.10 (1.10) 1.09 (1.10) 1.08 (1.13) 
H 1.00 (1.00) 1.00 (1.00) 1.00 (1.00) 
^Additive adjustment factors for age of dam. 
^Multiplicative adjustment factors for sex of calf. 
'^cNay adjustment factors given in parentheses. 
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Table A3. Adjustment factors for age of dam and sex for GAIN 
at Rhodes and McNay by size line, kg 
Line 
Small Medium Large 
AGE^: 2 24.2 (16.3)° 25.7 (22.6) 25.1 (28.5) 
3 7.9 (5.5) 8.4 (5.5) 5.3 (11.3) 
4 4.6 (0.1) 2.8 (5.7) 4.1 (3.6) 
>5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
SEX^; F 1.11 (1.11) 1.09 (1.11) 1.08 (1.13) 
M 1.00 (1.00) 1.00 (1.00) 1.00 (1.00) 
^Additive adjustment factors for age of dam. 
^Multiplicative adjustment factors for sex of calf. 
*^cNay adjustment factors given in parentheses. 
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Table A4. Adjustment factors for age of dam and sex for HH 
at Rhodes and McNay by size line, cm 
Line 
Small Medium Large 
AGE^: 2 5.03 (4.28)° 3.94 (3.18) 3.90 (3.90) 
3 1.24 (1.67) 0.40 (0.11) 0.39 (.51) 
4 0.92 (0.77) 0.13 (0.44) -.12 (-.36) 
>5 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
SEX^: F 1.02 (1.03) 1.02 (1.04) 1.01 (1.04) 
M 1.00 (1.00) 1.00 (1.00) 1.00 (1.00) 
^Additive adjustment factors for age of dam. 
^Multiplicative adjustment factors for sex of calf. 
°McNay adjustment factors given in parentheses. 
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Table A5. Variance components, heritabilities and genetic 
correlations for HH at Rhodes by size line 
Variance component^ 
(Parameter Estimate) 
^2 ^2 A :2 ^2 
*a m ^am Pe *e 
Size (ha) (%) (ram) («2e/*2)b 
Small 9.74 1.63 .68 .49 8.93 
(.45) (.08) (.17) (.02) 
Medium 10.08 2.00 .93 .00 7.13 
(.50) (.10) (.21) (.00) 
Large 5.95 2.48 1.30 .01 14.55 
(.24) (.10) (.34) (.00) 
^Variances reported as kg^. 
^Ratio of permanent environment to phenotypic variance. 
105 
APPENDIX B. PL/I PROGRAM TO ASSIGN EQUATION NUMBERS 
AND CREATE RELATIONSHIP FILE 
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//AMEQN JOB SLN$A2,N0RTHCUTT 
//* Full animal model; cont. grp., direct, maternal, 
perm.env. effects. 
//* This program assigns equation numbers to contemporary 
groups, animals and cows and creates a relationship 
//* file. 
//* Weaning weights (205-d.) are corrected for sex of calf 
//* and age of dam depending on each calf's line 
designation. 
//* The datasets AMDATAR or AMDATAM (Rhodes or McNay) 
//* containing calf records are utilized. 
//* NOTE: Specify the desired size line in two places. 
//* 
//* Also, set arrays for eg, #animals, and #cows. 
//* 
//* Be sure adjustment factors (sex and AOD) 
//* are correct for the dataset. 
//* Herd is specified in the input dataset. 
//* 
//SI EXEC SCRUNC,PARM='A2$SLN.CG' 
//S2 EXEC SCRUNC,PARM='A2 $SLN.ANIM.R3W' 
//S4 EXEC SCRUNC,PARM='A2$SLN.OUT.R3W« 
//S5 EXEC SCRUNC,PARM='A2$SLN.PED« 
//STEPl EXEC PLIXCLG,REGION.GO=1024K,TIME.G0=(,30) 
//PLI.SYSIN DD * 
/* The following procedure creates lists of 
contemporary groups, animals and cows. 
The lists are sorted and summed using SYMSORT */ 
ID: PROC OPTIONS(MAIN) REORDER; 
DCL INFILE INPUT FILE RECORD 
ENV(TOTAL FB RECSIZE (157) BLKSIZE (18997)); 
DCL CG OUTPUT FILE RECORD 
ENV(TOTAL FB RECSIZE (9) BLKSIZE (19053)); 
DCL ANIMAL OUTPUT FILE RECORD 
ENV(TOTAL FB RECSIZE (41) BLKSIZE (6232)); 
DCL (PTR,Q,R) POINTER; 
DCL EOF BIT(l) INIT('l'B); 
DCL 1 IN2 BASED (PTR), 
2 LINE CHAR(l); 
DCL 1 IN BASED (PTR), 
(2 CALF, 2 SIRE, 2 DAM, 
2 PGS, 2 PGD, 2 MGS, 
2 MGD) CHAR(12) INIT((12)' •), 
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2 
2 
2 
2 
2 
2 
2 
BREED 
DLINE 
GEN 
YRSEA 
SEX 
AOD 
WEIGHT, 
3 BIRTH 
(3 WEAN, 
3 YEAR) 
GAIN 
HEIGHT 
CHAR(28) INIT((28): 
PIC'(4)9' INIT(OOOO) 
PIC'9' INIT(O), 
PIC'99999', 
PIC'9', 
PIC'9' INIT(O), 
PIC'999', 
PIC'9999' INIT(OOOO) 
PIC'999' INIT(OOO), 
LIKE WEIGHT; 
DCL 1 OUTCG 
2 CG 
2 NCG 
DCL 1 OUTPED 
2 ID 
2 COUNT 
(2 SIRE, 
2 DAM) 
2 SEX 
BASED (Q), 
CHAR(5) INIT( 
FIXED BIN(31) 
') , 
INIT(l); 
BASED (R), 
CHAR(12) INIT((12)' '), 
FIXED BIN(31) INIT(l), 
CHAR(12) 
CHAR(l) 
INIT((12)' '), 
INITC '); 
ON ENDFILE (INFILE) EOF = 'O'B; 
READ FILE (INFILE) SET (PTR); 
Be sure to designate size line ! ! */ 
DO WHILE (EOF); 
IF IN2.LINE='3' THEN DO; 
LOCATE OUTCG FILE (CG) SET (Q); 
OUTCG.CG = IN.YRSEA; 
LOCATE OUTPED FILE (ANIMAL) SET (R); 
OUTPED.ID = IN.CALF; 
OUTPED.SIRE = IN.SIRE; 
OUTPED.DAM = IN.DAM; 
OUTPED.COUNT = 0; 
OUTPED.SEX = IN.SEX; 
IF IN.SIRE>'000000000000' THEN DO; 
LOCATE OUTPED FILE (ANIMAL) SET (R); 
OUTPED.ID = IN.SIRE; 
OUTPED.SIRE = IN.PGS; 
OUTPED.DAM = IN.PGD; 
OUTPED.SEX = '1'; 
END; 
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IF IN.DAM > '000000000000' THEN DO; 
LOCATE OUTPED FILE(ANIMAL) SET(R); 
OUTPED.ID = IN.DAM; 
OUTPED.SIRE = IN.MGS; 
OUTPED.DAM = IN.MGD; 
OUTPED.SEX = '2'; 
END; 
END; 
NEXT; READ FILE (INFILE) SET (PTR); 
END; 
END ID; 
//GO.INFILE DD DSN=A2$SLN.AMDATAR,UNIT=DISK,DISP=SHR 
//GO.ANIMAL DD DSN=&&ANIMAL,UNIT=SCRTCH,DISP=(NEW,PASS), 
// SPACE=(TRK,(200,20),RLSE) 
//GO.CG DD DSN=&&CG,UNIT=SCRTCH,DISP=(NEW,PASS), 
// SPACE=(TRK,(200,20),RLSE) 
//************************************************************ 
//* Sort and sum comtemporary grps list 
//STEP2 EXEC SYMS0RT,TIME=1 
//SYSIN DD * 
SORT FIELDS=(1,5,CH,A) 
SUM FIELDS=(6,4,BI) 
//SORTIN DD DSN=&&CG,UNIT=SCRTCH,DISP=(OLD,PASS) 
//SORTOUT DD DSN=A2$SLN.CG,UNIT=DISK,DISP=(NEW,CATLG), 
// 
SPACE=(TRK,(200,20),RLSE),DCB=(RECFM=FB,LRECL=9,BLKSIZE=19053) 
//************************************************************ 
//* Sort and sum animal list 
//STEPS EXEC SYMS0RT,TIME=1 
//SYSIN DD * 
SORT FIELDS=(6,7,CH,A,1,5,CH,A) 
SUM FIELDS=(13,4,BI) 
//SORTIN DD DSN=&&ANIMAL,UNIT=SCRTCH,DISP=(OLD,PASS) 
//SORTOUT DD DSN=A2$SLN.ANIM.R3W,UNIT=DISK,DISP=(NEW,CATLG), 
// 
SPACE=(TRK,(200,20),RLSE),DCB=(RECFM=FB,LRECL=41,BLKSIZE=6232) 
//************************************************************ 
//STEP4 EXEC PLIXCLG,DISP=OLD,PARM.PLI='GOSTMT' 
//PLI.SYSIN DD * 
/* The NEW procedure assigns equation numbers 
to cont. grps, animals and cows. 
Also, the relationship file is created */ 
NEW: PROC OPTIONS(MAIN) REORDER; 
DCL INFILE INPUT FILE RECORD 
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ENV(TOTAL FB RECSIZE (157) BLKSIZE (18997)); 
DCL CG INPUT FILE RECORD 
ENV(TOTAL FB RECSIZE (9) BLKSIZE (19053)); 
DCL ANIMAL INPUT FILE RECORD 
ENV(TOTAL FB RECSIZE (41) BLKSIZE (6232)); 
DCL OUTFILE OUTPUT FILE RECORD 
ENV(TOTAL FB RECSIZE (36) BLKSIZE (6228)); 
DCL 0UT2 FILE OUTPUT RECORD 
ENV(TOTAL FB RECSIZE (12) BLKSIZE (6228)); 
DCL SYSPRINT OUTPUT FILE STREAM; 
DCL (PTR,Q,R,OUTPTR,X) 
DCL EOF BIT(l) INIT('l'B); 
POINTER; 
DCL 1 IN BASED (PTR), 
(2 CALF, 2 SIRE, 2 DAM, 
2 1 PGS, 2 PGD, 2 MGS, 
2 1 MGD) CHAR(12) INIT((12)' 
2 BREED CHAR(28) INIT((28)' 
2 DLINE PIC (4)9' INIT(OOOO), 
2 GEN PIC'9' INIT(O), 
2 YRSEA PIC'99999 1 f 
2 SEX PIC'9', 
2 AOD PIC'9' INIT(O), 
2 WEIGHT, 
3 BIRTH PIC'999', 
(3 WEAN, 
3 YEAR) PIC'9999' INIT(OOOO), 
2 GAIN PIC'999' INIT(OOO), 
2 HEIGHT LIKE WEIGHT; 
1 IN YR BASED (PTR), 
2 LINE PIC'9', 
2 DUMMYl CHAR(4), 
2 CALF YR PIC'99', 
2 DUMMY2 CHAR(22), 
2 DAM YR PIC'99'; 
') 
') 
/* Insert appropriate adjustment factors: sex, 
age of dam */ 
DCL SEX_ADJ(3) FLOAT DEC(16) INIT(1.10,1.09,1.08) 
DCL ADJ(2:4,3) FLOAT DEC(16) 
INIT(27.0,29.3,29.3,8.7,9.5,6.0,5.1,3.0,4.6); 
DCL 1 INCG 
2 CG 
2 NCG 
BASED (Q), 
CHAR(5) INITC ') , 
FIXED BIN(31) INIT(l); 
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DCL 1 INPED BASED (R), 
2 ID CHAR(12) INIT((12)' •), 
2 COUNT FIXED BIN(31) INIT(l), 
(2 SIRE, 
2 DAM) CHAR(12) INIT((12)' '), 
2 SEX CHAR(l) INITC •); 
DCL 1 OUT BASED (OUTPTR) , 
(2 CG, 2 ANIM_NO, 2 Z2_C0W, 2 COW) 
FIXED BIN(31) INIT(O), 
2 VALUE FLOAT DEC(16) INIT(O.O), 
2 CALFID CHAR(12) INIT((12)'0'); 
DCL 1 OUTPED BASED(X), 
(2 AN, 2 SIRE, 2 DAM) 
FIXED BIN(31) INIT(OOOO); 
DCL CG_ARR(10) CHAR(5) INIT((10) (5)•0 • ) ; 
DCL AN_ARR(862) CHAR(12) INIT((862)(12)'0') ; 
DCL COW_ARR(862) CHAR(12) INIT((862)(12)'0•); 
/* The parent arrays are used to set up relationship file*/ 
DCL AN_PAR(862,2) INIT((1724)0) FIXED BIN(31); 
DCL (EOFl, E0F2, E0F3) BIT(l) INIT('l'B); 
DCL (CG_CT, AN_CT, COW_CT, I, NUMl, NUM2, MA, PA) 
FIXED BIN(31) INIT(O); 
ON ENDFILE (CG) EOF1='0'B; 
ON ENDFILE (ANIMAL) EOF2='0'B; 
ON ENDFILE (INFILE) EOF3='0'B; 
/* Number the contemporary groups */ 
READ FILE(CG) SET(Q); 
DO WHILE(EOFl); 
CG_CT=CG_CT +1; 
CG_ARR(CG_CT) = INCG.CG; 
READ FILE(CG) SET(Q); 
END; 
/* Number the animals */ 
READ FILE(ANIMAL) SET(R); 
DO WHILE(E0F2); 
AN_CT = AN_CT + 1; 
AN_ARR(AN_CT) = INPED.ID; 
IF INPED.SIRE>'000000000000* 
THEN PA=SEARCH1(AN_ARR, AN_CT, INPED.SIRE); 
Ill 
ELSE PA=0; 
IF INPED.DAM>'000000000000' 
THEN MA=SEARCH1(AN_ARR, AN_CT, INPED.DAM); 
ELSE MA=0; 
IF PA > MA THEN DO; 
AN_PAR(AN_CT,1) = MA; 
AN_PAR(AN_CT,2) = PA; END; 
ELSE DO; 
AN_PAR(AN_CT,1) = PA; 
AN_PAR(AN_CT,2) = MA; END; 
IF INPED.COUNT > 0 & INPED.SEX = '2' 
THEN DO; COW_CT = C0W_CT + 1; 
C0W_ARR(C0W_CT) = INPED.ID; END; 
READ FILE (ANIMAL) SET (R); 
END; 
PUT SKIP DATA(CG_CT,AN_CT,COW_CT); 
/* Match CONT. GRP, ANIMAL, COW from calf records 
to the corresponding arrays(eg, animal, cow arrays) */ 
READ FILE(INFILE) SET(PTR); 
/* Be sure to designate size line I ! */ 
DO WHILE (E0F3); 
IF IN_YR.LINE='3' THEN DO; 
LOCATE OUT FILE(OUTFILE) SET(OUTPTR); 
OUT.CALFID=IN.CALF; 
OUT.CG = SEARCH2(CG_ARR,CG_CT,IN.YRSEA); 
OUT.ANIM_NO = SEARCH1(AN_ARR, AN_CT, IN.CALF) + CG_CT 
0UT.Z2_C0W = SEARCHl(AN_ARR, AN_CT, IN.DAM) + CG_CT + 
AN_CT; 
OUT.COW = SEARCHl(COW ARR, COW CT, IN.DAM) + CG CT + 
(2*AN_CT); 
/•adjust weight for age of dam-line combinations*/ 
IF AOD <= 4 
THEN OUT.VALUE = IN.WEIGHT.WEAN+ADJ(AOD,LINE); 
ELSE OUT.VALUE = IN.WEIGHT.WEAN; 
/•adjust weight for sex of calf */ 
IF IN.SEX = '2' 
THEN OUT.VALUE = OUT.VALUE*SEX_ADJ(LINE); 
END; 
NEXT: READ FILE(INFILE) SET(PTR); 
END; 
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/* Set up relationship file */ 
DO I = 1 TO AN_CT; 
LOCATE OUTPED FILE(0UT2) SET (X); 
OUTPED.AN = CG_CT + I; 
IF AN_PAR(I,1) > 0 THEN 
OUTPED.SIRE = CG_CT + AN_PAR(I,1); 
ELSE OUTPED.SIRE = '0'; 
IF AN_PAR(I,2) > 0 THEN 
OUTPED.DAM = CG_CT + AN_PAR(I,2); 
END; 
SEARCHl: PROC(ARRAY, LARGEST, OBJECT) RETURNS(FIXED 
BIN(31)); 
DCL ARRAY(*) CHAR(12); 
DCL LARGEST FIXED BIN(31); 
DCL OBJECT CHAR(12); 
DCL (FIRST, LAST, ELEMENT) FIXED BIN(31) 
INIT(O); 
DCL (FLOOR, SUBSTR) BUILTIN; 
FIRST=1; LAST=LARGEST; 
DO WHILE (FIRST <= LAST); 
ELEMENT=FLOOR((FIRST+LAST)/2); 
IF ARRAY (ELEMENT) =OBJECT THEN GOTO 
FINISH; 
IF SUBSTR(ARRAY(ELEMENT),6,7) < 
SUBSTR(OBJECT,6,7) 
THEN FIRST=ELEMENT + 1; 
ELSE LAST=ELEMENT - 1; 
END; 
ELEMENT=0; 
FINISH: 
RETURN (ELEMENT); 
END SEARCHl; 
SEARCH2: PROC(ARRAY, LARGEST, OBJECT) RETURNS(FIXED 
BIN(31)); 
DCL ARRAY(*) CHAR(5); 
DCL LARGEST FIXED BIN(31); 
DCL OBJECT CHAR(9); 
DCL (FIRST, LAST, ELEMENT) FIXED BIN(31) 
INIT(O); 
DCL FLOOR BUILTIN; 
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FIRST=1 ; LAST=IiARGEST ; 
DO WHILE (FIRST <= LAST); 
ELEMENT=FLOOR((FIRST+LAST)/2); 
IF ARRAY (ELEMENT) =OBJECT THEN GOTO 
FINISH2; 
IF ARRAY(ELEMENT) < OBJECT 
THEN FIRST=ELEMENT + 1; 
ELSE LAST=ELEMENT - 1; 
END; 
PUT SKIP EDIT(OBJECT,' NOT FOUND IN CG 
LIST') (A,A) ; 
SIGNAL ERROR; 
FINISH2: RETURN (ELEMENT); 
END SEARCH2; 
END NEW; 
//GO.INFILE DD DSN=A2$SLN.AMDATAR,UNIT=DISK,DISP=SHR 
//GO.CG DD DSN=A2$SLN.CG,UNIT=DISK,DISP=SHR 
//GO.ANIMAL DD DSN=A2$SLN.ANIM.R3W,UNIT=DISK,DISP=SHR 
//GO.OUTFILE DD 
DSN=A2$SLN.0UT.R3W,UNIT=DISK,DISP=(NEW,CATLG), 
// SPACE=(TRK,(200,20),RLSE) 
//G0.0UT2 DD DSN=A2$SLN.PED,UNIT=DISK,DISP=(NEW,CATLG), 
// SPACE=(TRK,(200,20),RLSE) 
// 
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APPENDIX C. P L / I  PROGRAM TO BUILD COEFFICIENT MATRIX 
AND RIGHT HAND SIDES 
115 
//AMCOEF JOB A2$SLN,N0RTHCUTT 
//* This program uses the file (containing equation numbers) 
//* created by AMEQN program to build the coefficient matrix 
//* and RHS's. Dataset = OUT from AMDATAR or AMDATAM for 
//* one particular size line (1,2, or 3) 
//* NOTE; Be sure to initialize #cg, #animals, #cows, 
//* and #eqns each run (lines #23-26) 
//SI EXEC SCRUNC,PARM='A2$SLN.COEF' 
//SI EXEC SCRUNC,PARM='A2$SLN.RHS.RIG' 
//STEPl EXEC PLIXCLG,REGION.GO=1064K,TIME.GO=(,30) 
//PLI.SYSIN DD * 
COEF; PROC OPTIONS(MAIN) REORDER; 
DCL INFILE INPUT FILE RECOT™ 
ENV(TOTAL FB RECSIZE(36) t,-^<SIZE(6228) ) ; 
DCL COEFOUT OUTPUT FILE RECORD 
ENV(TOTAL FB RECSIZE(16) BLKSIZE(6224)); 
DCL RHSOUT OUTPUT FILE RECORD 
ENV(TOTAL FB RECSIZE(16) BLKSIZE(6224)); 
DCL SYSPRINT OUTPUT FILE STREAM; 
DCL (I,J,K) INIT(O) FIXED BIN(31,0); 
DCL #CG INIT(IO) FIXED BIN(31,0); 
DCL #ANIMALS INIT(1119) FIXED BIN(31,0); 
DCL #COWS INIT(360) FIXED BIN(31,0); 
DCL #EQN INIT(2608) FIXED BIN(31,0); 
DCL (PTR,Q) POINTER; 
DCL EOF BIT(l) INIT('l'B); 
DCL 1 INREC BASED(PTR), 
(2 CG, 2 ANIM_NO, 2 Z2_C0W, 2 COW) 
FIXED BIN(31) INIT(O), 
2 VALUE FLOAT DEC(16) INIT(O.O), 
2 CALFID CHAR(12) INIT((12)'0•); 
DCL 1 OUTREC BASED(Q), 
(2 ROW, 
2 COL) FIXED BIN(31,0), 
2 COEF FLOAT DEC(16); 
ON ENDFILE(INFILE) EOF='0'B; 
PUT LIST('NO. OF EQUATIONS = ',#EQN) SKIP; 
PUT LIST('NO. OF CONT.GRPS = ' , # C G )  SKIP; 
PUT LIST('NO. OF ANIMALS = ',#ANIMALS) SKIP; 
PUT LIST('NO. OF COWS = ',#COWS) SKIP; 
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READ FILE(INFILE) SET(PTR); 
DO WHILE(EOF); 
/* X'X V 
LOCATE OUTREC FILE(COEFOUT) 
OUTREC.ROW = INREC.CGy 
OUTREC.COL = INREC.CG; 
OUTREC.COEF = 1.0; 
/* X'Zl V 
LOCATE OUTREC FILE(COEFOUT) 
OUTREC.ROW = INREC.CG; 
OUTREC.COL = INREC.ANIM_NO; 
OUTREC.COEF = 1.0; 
/* X'Z2 V 
LOCATE OUTREC FILE(COEFOUT) SET(Q) 
OUTREC.ROW = INREC.CG; 
OUTREC.COL = INREC.Z2_C0W; 
OUTREC.COEF = 1.0; 
/* X'Z3 V 
SET(Q) 
SET(Q) 
LOCATE OUTREC FILE(COEFOUT) SET(Q) 
OUTREC.ROW = INREC.CG; 
OUTREC.COL = INREC.COW; 
OUTREC.COEF = 1.0; 
/* X'Y */ 
LOCATE OUTREC FILE(RHSOUT) SET(Q); 
OUTREC.ROW = INREC.CG; 
OUTREC.COL = 99999991; 
OUTREC.COEF = INREC.VALUE; 
/* Zl'Zl */ 
LOCATE OUTREC FILE(COEFOUT) SET(Q) 
OUTREC.ROW = INREC.ANIM_NO; 
OUTREC.COL = INREC.ANIM_NO; 
OUTREC.COEF = 1.0; 
/* Z1'Z2 */ 
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LOCATE OUTREC FILE(COEFOUT) SET(Q); 
OUTREC.ROW = INREC.ANIM_NO; 
OUTREC.COL = INREC.Z2_C0W; 
OUTREC.COEF = 1.0; 
/* Z1'Z3 V 
LOCATE OUTREC FILE(COEFOUT) SET(Q); 
OUTREC.ROW = INREC.ANIM_NO; 
OUTREC.COL = INREC.COW; 
OUTREC.COEF = 1.0; 
/* Zl'Y V 
LOCATE OUTREC FILE(RHSOUT) SET(Q); 
OUTREC.ROW = INREC.ANIM_NO; 
OUTREC.COL = 99999991; 
OUTREC.COEF = INREC.VALUE; 
/* Z2'Z2 V 
LOCATE OUTREC FILE(COEFOUT) SET(Q); 
OUTREC.ROW = INREC.Z2_C0W; 
OUTREC.COL = INREC.Z2_C0W; 
OUTREC.COEF = 1.0; 
/* Z2'Z3 */ 
LOCATE OUTREC FILE(COEFOUT) SET(Q) 
OUTREC.ROW = INREC.Z2_C0W; 
OUTREC.COL = INREC.COW; 
OUTREC.COEF = 1.0; 
/* Z2'Y */ 
LOCATE OUTREC FILE(RHSOUT) SET(Q); 
OUTREC.ROW = INREC.Z2_C0W; 
OUTREC.COL = 99999991; 
OUTREC.COEF = INREC.VALUE; 
/* Z3'Z3 */ 
LOCATE OUTREC FILE(COEFOUT) SET(Q); 
OUTREC.ROW = INREC.COW; 
OUTREC.COL = INREC.COW; 
OUTREC.COEF = 1.0; 
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/* Z3'Y V 
LOCATE OUTREC FILE(RHSOUT) SET(Q); 
OUTREC.ROW = INREC.COW; 
OUTREC.COL = 99999991; 
OUTREC.COEF = INREC.VALUE; 
READ FILE(INFILE) SET(PTR); 
END; 
DO I = (#CG+1) TO #EQN; 
LOCATE OUTREC FILE (RHSOUT) SET(Q); 
OUTREC.ROW = I; 
OUTREC.COL = 99999991; 
OUTREC.COEF = 0.0; 
END COEF; 
//GO.INFILE DD DSN=A2$SLN.OUT.RIG,UNIT=DISK,DISP=SHR 
//GO.COEFOUT DD DSN=&&COEF,UNIT=SCRTCH,DISP=(NEW,PASS), 
// SPACE=(TRK,(200,20),RLSE) 
//GO.RHSOUT DD DSN=&&RHS,UNIT=SCRTCH,DISP=(NEW,PASS), 
// SPACE=(TRK,(200,20),RLSE) 
//************************************************************ 
******* 
//STEP2 EXEC SYMS0RT,TIME=1 
//SYSIN DD * 
SORT FIELDS=(i,4,BI,A,5,4,BI,A) 
SUM FIELDS=(9,8,FL) 
//SORTIN DD DSN=&&COEF,UNIT=SCRTCH,DISP=(OLD,PASS) 
//SORTOUT DD DSN=A2$SLN.COEF,UNIT=DISK,DISP=(NEW,CATLG), 
// SPACE=(TRK,(200,20),RLSE) 
//************************************************************ 
******* 
//STEP3 EXEC SYMS0RT,TIME=1 
//SYSIN DD * 
SORT FIELDS=(1,4,BI,A,5,4,BI,A) 
SUM FIELDS=(9,8,FL) 
//SORTIN DD DSN=&&RHS,UNIT=SCRTCH,DISP=(OLD,PASS) 
//SORTOUT DD DSN=A2$SLN.RHS.RIG,UNIT=DISK,DISP=(NEW,CATLG), 
// SPACE=(TRK,(200,20),RLSE) 
//************************************************************ 
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APPENDIX D. PL/I PROGRAM TO CALCULATE INVERSE OF 
NUMERATOR RELATIONSHIP MATRIX 
120 
//AMINV JOB SLN$A2,N0RTHCUTT 
//SA EXEC SCRUNC,PARM='A2$SLN.C0EFAINV.R1G' 
/* This program creates A inverse. 
NOTE: Be sure to insert list corresponding to 
#cg, #aniinals, and #cows for each farm and size /* 
line. 
Also, insert appropriate alpha values. 
/* 
/* 
/* 
/* 
//STEPl EXEC PLIXCLG 
AINV; PROC OPTIONS(MAIN) REORDER; 
/ * * * * * * * * * * * * * * * * * * * * * * * *  
/* Procedure which calculates the relationship 
/* inverse (rapid method) 
/* Reference: Henderson, C. R. 1976. 
/* Biometrics 32:69 
/* (maternal genetic and Cov(D,M) included) 
/ *  * * * * * * * * * * * * * * * * * * * * * * *  
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
DCL INFILE INPUT FILE RECORD 
ENV(TOTAL FB RECSIZE(12) BLKSIZE(6228)); 
DCL AINVFIL OUTPUT FILE RECORD 
ENV(TOTAL FB RECSIZE(16) BLKSIZE(6224)); 
DCL SYSIN FILE INPUT STREAM; 
DCL (PTR,T) 
DCL EOF 
POINTER; 
BIT(l) INIT('l'B); 
DCL 1 PED BASED(PTR), 
(2 ANIMAL, 
2 SIRE, 
2 DAM) 
DCL 1 EQN OUT BASED(T), 
(2 ROW, 2 COL) 
2 COEF 
DCL (K(2), PI(2), P2(2)) 
DCL (CG, N_AN, N_COWS) 
DCL (I, J, L) 
(0 )  ;  
DCL (D(3), Dl(3), D2(3), 
ALPHA(3)) 
DCL PE ALPHA 
FIXED BIN(31); 
FIXED BIN(31), 
FLOAT DEC(16); 
FIXED BIN(31); 
FIXED BIN(31) 
FIXED BIN(31) 
INIT(O) 
INIT 
FLOAT DEC(16) 
FLOAT DEC(16) 
INIT((3)0.0); 
INIT(0.0); 
ON ENDFILE(INFILE) 
READ FILE(INFILE) 
EOF='0'B; 
SET(PTR); 
GET LIST (CG, N_AN, N_COWS); 
PE_ALPHA=139.0; 
DO WHILE(EOF); 
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K(l) = ANIMAL; 
Pl(l) = SIRE; 
P2(l) = DAM; 
ALPHA(1)=2.4; 
ALPHA(3)=.88; 
D1 = ALPHA * -1.0; 
D2 = ALPHA * .5; 
K(2) = ANIMAL + N_AN; 
PI(2) = SIRE + N_AN; 
P2(2) = DAM + N_AN; 
ALPHA(2)=2.1; 
IF P1(1)=0 THEN DO; 
IF P2(l)>0 THEN DO; 
/* Case: One parent unknown^ other parent known */ 
P2 X P2 */ 
D = ALPHA/3.0; D1 = -2.0 * ALPHA/3.0; 
LOCATE EQN_OUT FILE(AINVFIL) SET(T); 
ROW, C0L=P2(1); COEF=D(1); 
LOCATE EQN_OUT FILE(AINVFIL) SET(T); 
ROW, C0L=P2(2); COEF=D(2); 
LOCATE EQN_OUT FILE(AINVFIL) SET(T); 
R0W=P2(1); C0L=P2(2); COEF=D(3); 
K X K */ LOCATE 
LOCATE 
LOCATE 
P2 X K */ LOCATE 
LOCATE 
LOCATE 
LOCATE 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW, C0L=K(1); C0EF=D(1); 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW, C0L=K(2); C0EF=D(2); 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW=K(1); COL=K(2); COEF=D(3); 
EQN_OUT FILE(AINVFIL) 
R0W=P2(1); COL=K(1); 
C0EF=D1(1); 
EQN_0UT FILE(AINVFIL) 
R0W=P2(1); COL=K(2); 
C0EF=D1(3); 
EQN_OUT FILE(AINVFIL) 
C0L=P2(2); ROW=K(1); 
C0EF=D1(3); 
EQN_OUT FILE(AINVFIL) 
R0W=P2(2); COL=K(2); 
C0EF=D1(2); 
SET(T); 
SET(T); 
SET(T); 
SET(T); 
END; 
END; 
/* Case: Both parents known 
ELSE DO; 
*/ 
PI X PI V LOCATE EQN_OUT FILE(AINVFIL) SET(T); 
ROW, C0L=P1(1); C0EF=D2(1) 
LOCATE EQN_OUT FILE(AINVFIL) SET(T); 
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LOCATE 
/* P2 X P2 V LOCATE 
LOCATE 
LOCATE 
/* PI X P2 */ LOCATE 
LOCATE 
LOCATE 
LOCATE 
/* PI X K V LOCATE 
LOCATE 
LOCATE 
LOCATE 
/* P2 X K */ LOCATE 
LOCATE 
LOCATE 
LOCATE 
/* K X K */ LOCATE 
LOCATE 
LOCATE 
ROW, COIr=Pl (2); C0EF=D2 (2); 
EQN_OUT FILE(AINVFIL) SET(T); 
R0W=P1(1); C0L=P1(2); C0EF=D2(3); 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW, C0L=P2(1); C0EF=D2(1); 
EQN_0UT FILE(AINVFIL) SET(T); 
ROW, C0L=P2(2); C0EF=D2(2); 
EQN_OUT FILE(AINVFIL) SET(T); 
R0W=P2(1); C0L=P2(2); C0EF=D2(3); 
EQN_OUT FILE(AINVFIL) 
R0W=P1(1); C0L=P2(1) 
EQN_OUT FILE(AINVFIL) 
R0W=P1(2); C0L=P2(2) 
EQN_OUT FILE(AINVFIL) 
R0W=P1(1); C0L=P2(2) 
EQN_OUT FILE(AINVFIL) 
C0L=P1(2); R0W=P2(1) 
SET(T); 
C0EF=D2(1) 
SET(T); 
C0EF=D2(2) 
SET(T); 
C0EF=D2(3) 
SET(T); 
C0EF=D2(3) 
EQN_OUT FILE (AINVFIL) 
R0W=P1(1 ) ; COL=K(1); 
EQN_OUT FILE(AINVFIL) 
R0W=P1(2); COL=K(2); 
EQN_OUT FILE(AINVFIL) 
R0W=P1(1); COL=K(2); 
EQN_OUT FILE(AINVFIL) 
C0L=P1(2); ROW=K(1); 
EQN_OUT FILE(AINVFIL) 
R0W=P2(1); COL=K(1); 
EQN_OUT FILE(AINVFIL) 
R0W=P2(2); COL=K(2); 
EQN_OUT FILE(AINVFIL) 
R0W=P2(1); COL=K(2) 7  
EQN_OUT FILE(AINVFIL) 
C0L=P2(2); ROW=K(1); 
EQN_OUT FILE(AINVFIL) 
ROW, C0D=K(1); C0EF=ALPHA(1) 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW, COL=K(2); COEF=ALPHA(2) 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW=K(1); COL=K(2); COEF=ALPHA(3) 
SET(T); 
C0EF=D1(1) 
SET(T); 
C0EF=D1(2) 
SET(T); 
C0EF=D1(3) 
SET(T); 
C0EF=D1(3) 
SET(T); 
C0EF=D1(1) 
SET(T); 
C0EF=D1(2) 
SET(T); 
C0EF=D1(3) 
SET(T); 
C0EF=D1(3) 
SET(T); 
READ 
END; 
END; 
FILE(INFILE) SET(PTR) 
DO I=CG+1 TO CG+N_AN; 
LOCATE EQN_OUT FILE(AINVFIL) SET(T); 
ROW, COL=I; COEF=ALPHA(1); 
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LOCATE 
J—X » 
DO I=J TO 
LOCATE 
J=I; 
DO I=J TO 
LOCATE 
END AINV; 
//GO.SYSIN DD * 
10 1119 360 
//GO.INFILE DD DSN=A2$SLN.PED,UNIT=DISK,DISP=SHR 
//GO.AINVFIL DD DSN=&&TEMP,UNIT=SCRTCH,DISP=(NEW,PASS), 
// SPACE=(TRK,(200,20),RLSE) 
//************************************************************ 
//STEP2 EXEC SYMS0RT,TIME=1 
//SYSIN DD * 
SORT FIELDS=(1,4,BI,A,5,4,BI,A) 
SUM FIELDS=(9,8,FL) 
//SORTIN DD DSN=A2$SLN.C0EF,UNIT=DISK,DISP=SHR 
// DD DSN=&&TEMP,UNIT=SCRTCH,DISP=(OLD,PASS) 
//SORTOUT DD 
DSN=A2$SLN.C0EFAINV.R1G,UNIT=DISK,DISP=(NEW,CATLG), 
// SPACE=(TRK,(200,20),RLSE) 
yy************************************************************ 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW=I; COL=I+N_AN; C0EF=ALPHA(3); END; 
J+N_AN-1; 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW, COL=I; C0EF=ALPHA(2); END; 
J+N_C0WS-1; 
EQN_OUT FILE(AINVFIL) SET(T); 
ROW, COIr=I; COEF=PE_ALPHA; END; 
